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Executive summary 
 

1. The UNEP Governing Council concluded, at its 22nd 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 23rd 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. 
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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. 
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1 Introduction 

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

14. The Global Mercury Assessment1, 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 

                                                      
1 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. 
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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 23rd 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 
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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. 



Chapter 2 – Mercury inventories and this Toolkit 

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

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. 
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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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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. 

2.4 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/lrtap/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/ 
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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?projectID=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.eu.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-chapter1.pdf 
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- Reduce consumption 
- Use alternative raw materials 
- “End-of-pipe” techniques 

3 Anthropogenic mercury release sources 
61. 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. 

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

 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

 

 

 

 

 

 

 

 

 

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

Examples of anthropogenic mercury releases to the environmental media 

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). 

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. 



Chapter 4 - Steps in the creation of a mercury inventory  

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

17 

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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Figure 4-2 Flowchart detailing the four-step approach to establish a national mercury release inven-
tory using the Toolkit 
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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:  

• Direct releases to the atmosphere (air); 

• Direct releases to aquatic environments (water); 

• Direct releases to land (terrestrial environment, including ground water); 

• 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); 

• Flows of mercury to the public waste water treatment system; 

• Flows of mercury to the general waste treatment system; 

• 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, etc.), 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 Waste/
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 

5.3 Production of other minerals and materials 
with mercury impurities X x x x x 

5.4 Intentional use of mercury in industrial 
processes X X X X X 

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

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

5.7 Production of recycled metals 
("secondary" metal production) X X X X X 

5.8 Waste incineration X X X x X 

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

5.10 Crematoria and cemeteries X  X  x 

5.11 Identification of potential hot-spots Probably registration only, to be followed  
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: 

• 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.e. 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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.1.1 Coal combustion in large power 
plants 

X x x x X PS 

5.1.2 Other coal combustion X  x x x OW 

5.1.3 Extraction, refining and use of 
mineral oil X X x x x OW/PS 

5.1.4 Extraction, refining and use of 
natural gas X X X x X OW/PS 

5.1.5 Extraction and use of other fossil 
fuels 

X x x  x OW 

5.1.6 Biomass fired power and heat pro-
duction 

X x x  x OW 

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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• 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.e. 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. 

 

110. 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 

Chapter Sub-category Air Water Land Product Waste 
/residue 

Main in-
ventory 

approach 

5.2.1 
Primary extraction and processing of 
mercury 

X X X X X PS 

5.2.2 
Gold and silver extraction with the 
mercury-amalgamation process X X X   OW 

5.2.3 Zinc extraction and initial processing X X X X X PS 

5.2.4 
Copper extraction and initial proc-
essing 

X X X X X PS 

5.2.5 
Lead extraction and initial process-
ing 

X X X X X PS 

5.2.6 
Gold extraction and initial process-
ing by other processes than mercury 
amalgamation 

X X X X X PS 

5.2.7 
Aluminum extraction and initial 
processing 

X  x  x PS 

5.2.8 
Extraction and processing of other 
non-ferrous metals 

X X X  X PS 

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 Production of other minerals and materials with mercury impurities 
111. 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. 

112. 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 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.3.1 Cement production X  x x x PS 

5.3.2 Pulp and paper production X x x  x PS 

5.3.3 Lime production and light weight 
aggregate kilns X   x  PS 

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: 

• Chlor-alkali production with mercury-technology; 

• VCM (vinyl-chlorid-monomer) production with mercury-dichloride (HgCl2) as catalyst; 

• Acetaldehyde production with mercury-sulphate (HgSO4) as catalyst; 

• 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 

Chapter Sub-categories  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.4.1 Chlor-alkali production with mer-
cury-technology X X X X X PS 

5.4.2 
VCM (vinyl-chloride-monomer) 
production with mercury-dichloride 
(HgCl2) as catalyst 

x x   X PS 

5.4.3 Acetaldehyde production with mer-
cury-sulphate (HgSO4) as catalyst ? ? ? ? ? PS 

5.4.4 
Other production of chemicals and 
polymers with mercury compounds 
as catalysts 

? ? ? ? ? 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. 

4.3.5 Consumer products with intentional use of mercury 
115. 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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• 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. 

116. 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 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.5.1 Thermometers with mercury X X X X X OW 

5.5.2 Electrical and electronic switches, 
contacts and relays with mercury X x X X X OW 

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 

5.5.7 Pharmaceuticals for human and vet-
erinary uses X x x x X OW 

5.5.8 Cosmetics and related products  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. 

4.3.6 Other intentional products/process uses 
117. 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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• 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; 

118. 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 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

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 

5.6.4 Mercury metal use in religious ritu-
als and folklore medicine X X X X X OW 

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

4.3.7 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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• 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). 

• 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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.7.1 Production of recycled mercury 
("secondary production) X X X X X PS 

5.7.2 Production of recycled ferrous met-
als (iron and steel) X x x  x PS 

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: 

• 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); 

• 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; 

• 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; 

• 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; 

• 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 

Chapter Sub-category Air Water Land Product Waste 
/residue 

Main in-
ventory 

approach 

5.8.1 Incineration of municipal/ 
general waste X x x x X PS 

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: 

• Controlled landfills/deposits, i.e. 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; 

• 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); 

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

• 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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main  
inventory 
approach 

5.9.1 Controlled landfills/deposits x x X  X OW 

5.9.2 Diffuse deposition under some con-
trol  x X X  X OW 

5.9.3 Informal local deposition of indus-
trial production waste X X X   PS 

5.9.4 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: 

• Crematoria; 

• 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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main  
inventory 
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. 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.  

133. 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.  

134. 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 

Chapter Sub-category Air Water Land Product Waste/
residue 

Main  
inventory 
approach 

 Closed/abandoned chlor-alkali production 
sites x X X  X PS 

 

Other sites of former chemical production 
where mercury compounds are/were pro-
duced (pesticides, biocides, pigments 
etc.), or mercury or compounds were used 
as catalysts (VCM/PVC etc.) 

x X X x X PS 

 
Closed production sites for manufacturing 
of thermometers, switches, batteries and 
other products 

x X X X x PS 

 
Closed pulp and paper manufacturing sites 
(with internal chlor-alkali production or 
former use of mercury-based slimicides) 

x X X  X PS 

 Tailings/residue deposits from mercury 
mining x X X X X PS 

 Tailings/residue deposits from artisanal 
and large scale gold mining x X X  X PS 

 Tailings/residue deposits from other non-
ferrous metal extraction x X X X X PS 

 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 
pressure valves 

 X X   PS 

 Sites of previous recycling of mercury 
("secondary" mercury production) x 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. 
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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  
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:  

 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 

 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 – 

 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) 

Phase of life cycle Air Water Land 
Prod-
ucts 

General 
waste 

Sector specific 
treatment/ 

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 

[Sub-category name] Unit Production Use Disposal 

Sum of releases 
to pathway from 
assessed part of 

life-cycle 
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  

per year (in the country) 
Kg of mercury released per metric 

ton of batteries produced   *2 

Use Not needed (Releases negligible) Not needed (Releases negligible) 

Disposal 
Metric tons of batteries consumed 

(or disposed)  per year   *1 

Kg of mercury disposed or released 
per metric ton of batteries consumed

*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:  

# of Hg atoms in compound molecule * atomic weight of Hg  Content 
of Hg = Weight 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 C12H10Hg) can be calculated as follows: 

1* 201 g Hg/mol Content  
of Hg  = 1 kg  

C12H10Hg * 
(12 * 12.0 + 10 * 1.01 + 1 * 201) g compound/mol) 

= ~0.566 kg Hg 

 
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 



Chapter 4 - Steps in the creation of a mercury inventory  

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

37 

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:  

• 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. 

• 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. 

• 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. 

• 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:  

• Direct releases to the atmosphere (air); 

• Direct releases to aquatic environments (water); 

• Direct releases to land (terrestrial environment, including ground water); 

• 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); 

• Flows of mercury to the public waste water treatment system; 

• Flows of mercury to the general waste treatment system; 

• 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:  

• 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. 

• 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. In all 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 

• Located in country ABC, somewhere in South America; 

• General type of combustion unit:  pulverized-coal-fired unit; 

• Type of fuel burned:  bituminous coal from Brazil (no other fuel types are burned);  

• Control devices:  cold-side ESP for PM control; 

• 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;  

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

• 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; 

• 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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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: 

Activity  
rate 

Input  
factor 

Conversion 
factor 

Conversion  
factor 

Total  
mercury 

input  
before coal  
pre-wash 

= 1,000,000  
metric tons  

of coal 

* 0.19  
mg Hg/kg 

coal 

* 1000  
kg coal/metric 

tons coal 

* 1  
kg Hg/1,000,000 

mg Hg 

= 190  
kg 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: 

Total  
Hg input 

Distribution factor to 
residue from waste 

water treatment 

Releases to  
general waste 
landfills from  

pre-wash process 

= 

190 kg Hg 

*

0.21 

= 39.9  
kg Hg = 

Rounded up to 
40 kg Hg 

 
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).  

II.  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: 

Input factor before coal 
pre-wash 

% Hg remaining in 
coal after pre-wash 

New  
input factor after 

coal pre-wash 
= 

0.19 mg Hg/kg coal 
*

0.79 
= 0.15 mg 

Hg/kg coal (3) 

(1) 

(2) 
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Total mercury input to coal combustion after coal pre-wash can thus be calculated as follows: 

Activity  
rate 

Input  
factor 

Conversion 
factor 

Conversion  
factor 

Total  
mercury 
input to  

coal  
combustion 

= 1,000,000  
metric tons  

of coal 

* 0.15  
mg Hg/kg 

coal 

* 1000  
kg coal/metric 

tons coal 

* 1  
kg Hg/1.000,000 

mg Hg 

= 150 
kg 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: 

Total  
Hg input 

Distribution 
factor to air 

Releases to air  
from  

coal combustion 
= 

150 kg Hg 
*

0.64 
= 96 kg Hg 

 
Total  

Hg input 

Distribution 
factor to flue 
gas residues 

Releases to  
general waste  

landfills  
from coal combustion 

= 

150 kg Hg 

*

0.36 

= 54 kg Hg 

 
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.  

C. 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. 

(4) 

(5) 

(6) 
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D. 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 before 
coal pre-wash  

Hg removed by 
coal pre-wash 

Total Hg input entering 
combustion unit after 

pre-wash 
= 

190 kg Hg 
- 

40 kg Hg 
= 150 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: 

Total  
Hg input 

Distribution factor 
 togeneral waste 

 landfills 

Releases to general  
waste landfills  

from  
coal pre-wash 

= 

190 kg Hg 

* 

0.21 

= 39.9 kg Hg 

 
Total  

Hg input 
Distribution factor 

 to air 
Releases to air from  

coal combustion after 
pre-wash 

= 
190 kg Hg 

* 
0.51 

= 96.9 kg Hg 

 

(7) 

(8) 

(9) 
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Total  
Hg input 

Distribution factor 
 to general waste 

Releases to  
general waste from  

flue gas residues 
= 

190 kg Hg 
* 

0.28 
= 53.2 kg Hg 

 
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 
Coal Combustion (power plant) 

Coal pre-wash Coal combustion 

Sum of releases to 
pathway from all 

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  
   (including landfills) 

0.21 0.36 NA 

- 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: NA – not applicable. 

4.4.7.2 Example 2 - Municipal waste incineration facility in hypothetical country XX 

A. Plant characteristics and site specific data 

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

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

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

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

• 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; 

• Flue gas residues are deposited in normal landfill; 

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

• 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; 

(10) 
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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 -  

Activity  
rate 

Input  
factor Conversion factor Conversion  

factor 
Total Hg 
input to 

municipal 
waste  

incinerator  

= 100,000  
metric tons  

of waste 

* 3  
mg Hg/kg 

waste 

* 1000  
kg waste/metric 

ton waste 

* 1  
kg Hg/1.000,000 

mg Hg 

= 300 
kg Hg 

 
Upper-end estimate -  

Activity  
rate 

Input  
factor Conversion factor Conversion  

factor 
Total Hg 
input to 

municipal 
waste  

incinerator 

= 100,000  
metric tons  

of waste 

* 5  
mg Hg/kg 

waste 

* 1000  
kg waste/metric 

ton waste 

* 1  
kg Hg/1.000,000 

mg Hg 

= 500 
kg 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 - 

Total  
Hg input 

Distribution factor 
 to air 

Releases to air  
from municipal  

waste incineration 
= 

300 kg Hg 
* 

0.15 
= 45 kg Hg 

 

(12) 

(13) 

(11) 
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Total  
Hg input 

Distribution factor to 
flue gas solid residues 

Releases to general 
waste landfills from 

municipal waste  
incineration 

= 
300 kg Hg 

* 
0.85 

= 255 kg 
Hg 

 
Upper-end estimate - 

Total  
Hg input 

Distribution factor 
 to air 

Releases to air from 
municipal waste  

incineration 
= 

500 kg Hg 
* 

0.65 
= 325 kg 

Hg 

 
Total  

Hg input 
Distribution factor to 
flue gas solid residues 

Releases to general 
waste landfills from 

municipal waste  
incineration 

= 
500 kg Hg 

* 
0.35 

= 175 kg 
Hg 

 
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 =         45 to 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  
(power plant) 

Life Cycle phase -  
Waste Combustion 

Sum of releases to pathway 
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 to 0.65 NA 
- Water(/waste water) 0.0 NA 
- Land 0.0 NA 
- Products 0.0 NA 
- General waste treatment  
   (including landfills) 

0.35 to 0.85 NA 

- 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. 

(14) 

(15) 

(16) 
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4.4.7.3 Example 3 - Batteries with mercury for hypothetical country XYZ 

A. Relevant information and country specific data 

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

• 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; 

• 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; 

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

• 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; 

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

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

• 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; 

• 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; 

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

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

• 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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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: 

Activity rate Input factor Total mercury 
lost per year 
from battery 
production 

= 10  
metric tons of batteries 

produced per year 

* 0.05  
metric tons Hg lost/metric 

ton batteries produced 

= 0.5 metric 
tons Hg 

 
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: 

Total Hg input Distribution factor Releases to air  
from  

battery production 
= 0.5  

metric tons Hg 
* 0.10 = 0.05 metric 

tons Hg 

 
Total Hg input Distribution factor Releases to general waste 

landfills from battery 
production 

= 0.5  
metric tons Hg 

* 0.18 = 0.1 metric 
tons Hg 

 
Total Hg input Distribution factor Releases to sector  

specific waste treatments 
from battery production  

= 0.5  
metric tons Hg 

* 0.72 = 0.36 metric 
tons Hg 

 

(17) 

(18) 

(19) 

(20) 
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II. 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).  

III. 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: 

Activity rate Input factor Activity rate Input factor Total  
mercury 

input 
from  

disposal 
of  

batteries 

= 
3  

metric tons 
HgO bat-

teries 

* 

0.32  
metric tons 
Hg/metric 
ton HgO 
batteries 
disposed 

+
15  

metric tons 
other Hg-
containing 
batteries 

*

0.01  
metric tons 

Hg/metric ton 
other Hg-

containing bat-
teries disposed 

=
1.11  

metric 
tons Hg 

 
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: 

Total Hg input Distribution factor Releases to sector spe-
cific waste treatments 
from battery disposal 

= 1.11  
metric tons Hg 

* 0.10 = 0.1 metric 
tons Hg 

 
Total Hg input Distribution factor Releases to general waste 

collection systems from 
battery disposal 

= 1.11  
metric tons Hg 

* 0.80 = 0.9 metric 
tons Hg (23) 

(22) 

(21) 
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Total Hg input Distribution factor Releases to land  

from informal  
battery disposal 

= 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 =        0.05 metric tons mercury; 
General waste (landfills) =    1.0 metric tons mercury; 
Sector specific waste treatment =   0.46 metric tons mercury; 
Water =         0; 
Products =        0; 
Land =         0.1 metric tons mercury; 
Total releases to all media/pathways = 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 
Batteries with Mercury  

in Country XYZ Production Disposal 

Sum of releases to 
pathway from all 

phases of life-cycle 

Activity rate 10 metric tons batter-
ies produced per year 

3 metric tons of mercury 
oxide batteries and 15 met-

ric tons of other types of 
batteries consumed  

- 

Input factor for phase 0.05 metric tons Hg 
per metric ton of bat-

teries produced. 

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 

- 

Calculated input to phase 0.5 metric tons Hg lost 
during production 

1.11 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 
landfills) 

0.18 0.8 NA 

- 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 
- General waste treatment 0.1 metric tons Hg 0.9 metric tons Hg 1.0 metric tons Hg 
- Sector specific waste treatment 0.36 metric tons Hg 0.1 metric tons Hg 0.46 metric tons Hg 

Notes: NA – not applicable. 

(24) 
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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:   

• Principal sub-categories releasing mercury to each medium; 

• Results and evaluations of cross-check input/output mercury balances, if performed; 

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

• Main data gaps and their perceived importance; 

• 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. 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. 

221. 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. 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); 

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

224. 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 
5.4.2 VCM (vinyl-chloride-monomer) production with mercury-dichloride (HgCl2) as catalyst 
                    153 
5.4.3 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 
5.5.3 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 
5.9.3 Informal local disposal of industrial production waste       238 
5.9.4 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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main  
inventory 
approach 

5.1.1 Coal combustion in large power 
plants 

X x x x X PS 

5.1.2 Other coal combustion X  x x x OW 

5.1.3 Extraction, refining and use of  
mineral oil X X x x x OW/PS 

5.1.4 Extraction, refining and use of  
natural gas X X X x X OW/PS 

5.1.5 Extraction and use of other fossil 
fuels 

X x x  x OW 

5.1.6 Biomass fired power and heat pro-
duction 

X x x  x OW 

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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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-NOx 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 Discussion of mercury inputs 

Table 5-3 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) 

Geographic 
origin Coal type Mean Hg  

concentration 

Standard 
deviation 
on mean  

Range of Hg  
concentrations, with 
number of samples 

shown in parentheses 

Notes 

Australia Bituminous   0.03-0.4 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.+ 

Bituminous 
0.15  <0.0-0.69 (329) Finkelman, 2004 

Colombia Sub-
bituminous 

0.04  >0.02-0.17 (16) Finkelman, 2004 

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 
*2 

Sub-
bituminous 

0.03 0.01 0.01-0.05 (78) "Burned in 1999" in USA; 
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-
land 

Bituminous   0.02-0.6 Pirrone et al., 2001 

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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Geographic 
origin Coal type Mean Hg  

concentration 

Standard 
deviation 
on mean  

Range of Hg  
concentrations, with 
number of samples 

shown in parentheses 

Notes 

Romania Lign. + Subbi-
tum. 

0.21  0.07-0.46 (11) Finkelman, 2004 

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-
rica 

Bituminous   0.01-1.0 Pirrone et al., 2001 

South 
America *2 

Bituminous 0.08 0.07 0.01-0.95 (269) "Burned in 1999" in USA; 
concentrations on dry 
weight basis; exact origin 
unknown, not presented  if 
representative for origin 

South Ko-
rea 

Anthracite 0.3  <0.02- 0.88 (11) Finkelman, 2003 

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 
Kingdom 

Bituminous   0.2-0.7 Pirrone et al., 2001 

USA*1 Sub-
bituminous 

0.10 0.11 0.01-8.0 (640) Same remark as for USA, 
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 Examples of mercury in releases and wastes/residues 

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. 
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emission
gas 

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  
coal-fired dry-
bottom boiler 

⇒ 
87% 

High-efficiency
electrostatic 
precipitator 

⇒ 
78% 

FGD with wet 
lime/limestone-gypsum 

process 

⇒ 
23% 

 

Pre-
scrubber 

Main  
scrubber ⇓  ⇓  

⇓ ⇓ 
  

Residue 
13% 

 
Collected ash 

9% 
 

Residue 
33% 

Residue 
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 (Skårup 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 EPA, 2002a) 

Average Mercury Capture by Control Configura-
tion (no. of tests in study in brackets) 

Coal Burned in Pulverized-coal-fired Boiler Unit 
Post-combustion 

Control  
Strategy 

Post-combustion 
Emission  

Control Device 
Configuration Bituminous  

Coal 
Sub-bituminous 

Coal Lignite 

CS-ESP 36 % (7) 3 % (5) - 4 % (1) 

HS-ESP 9 % (4) 6 % (4) Not tested 

FF 90 % (4) 72 % (2) Not tested 
PM Control Only 

PS Not tested 9 % (1) Not tested 

SDA+ESP Not tested 35 % (3) Not tested 

SDA+FF 98 % (3) 24 % (3) 0 % (2) 
PM Control and  
Spray Dryer  
Adsorber 

SDA+FF+SCR 98 % (1?) Not tested Not tested 

PS+FGD 12 % (1) -8 % (4) 33 % (1) 

CS-ESP+FGD 74 % (1) 29 % (3) 44 % (2) 

HS-ESP+FGD 50 % (1) 29 % (5) Not tested 

PM Control and  
Wet FGD  
System (a) 

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 

Material 
Default input factors; 

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/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 

Table 5-7 Preliminary default distribution factors for mercury outputs from coal combustion in large 
power plants 

Emission reduction device Distribution factors, share of Hg input  *4 
 Air Water 

*1 
Land 

*3 
Prod-

ucts *3 
General 
waste *5 

Sector specific 
treatment 

/disposal *5 
None 1      
Coal wash  *1 0.8 (via com-

bustion) 
? ?  0.2  

PM control with general ESP, or PS 0.9  ? ? 0.1  
PM control with FF, or other with 
highly efficient PM retention 

0.5  ? ? 0.5  

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. 

c) 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: 

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

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

• 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  
(concentration of Hg  

in the coal types used at plant) 
* 

Activity rate  
(amount of each type of coal 

burned per year) 
* Distribution factor  

for each pathway 

 
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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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-NOx 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 

Coke production Amount of each type of coal processed Concentration of mercury in  
each type of coal processed 

Coal combustion Amount of each type of coal burned Concentration of mercury in  
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.iea.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 

Material 
Default input factors;  

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 
*1 

Land 
*2 

Prod-
ucts *3 

General 
waste *5 

Sector specific 
treatment/ 
disposal *5 

None 1      

Coal wash  *1 0.8  
(via combustion) 

? ?  0.2  

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

PM control with FF, or other with 
highly efficient PM retention 

0.5  ? ? 0.5  

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.  

c) 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: 

• Measured data or literature data on the mercury concentrations in the consumed mix of coals at 
the source,  

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

• 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. 
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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  
(concentration of Hg  

in the coal types used at plant) 
* 

Activity rate  
(amount of each type of coal 

burned per year) 
* Distribution factor  

for each pathway 

 
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. In refineries, 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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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 Concentration of 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.iea.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 et 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 
(ppb) 

Range 
(ppb) 

Standard 
deviation 

Number  
of samples Reference 

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-
sults from 9 oil fields 180    Lassen et al., 2004 

CIS countries; mean 
of results from 42 oil 

fields 
300  < 8- 6,900  113 

Lassen et al., 2004 

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) Standard 
deviation 

Number  
of samples 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 
oil 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 Number 
of samples 

Range 
(ppmwt) 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. 

5.1.3.4 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. 



Chapter 5.1 – Extraction and use of fules/energy sources 

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

74 

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/1015 
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/1015 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 (SO2) and 
nitrogen oxides (NOx) 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. In the 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, 



Chapter 5.1 – Extraction and use of fules/energy sources 

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

75 

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/1015 J g/metric tons fuel oil g/103 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. If no 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. 
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Table 5-18 Preliminary default input factors for mercury in various oil qualities 

Oil product 
Default input factors;  

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 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 

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 
emissions controls 1      

Oil Combustion Facility with PM 
control using an ESP or scrubber 0.9    0.1  

 

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.  

c) 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: 

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

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

• 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. As described 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). 

5.1.4.2 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 

Phase of life cycle 
(/use) Air Water Land Products General 

waste 

Sector specific 
treatment/ 

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 

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

Combustion/use Amount of natural gas combusted Concentration of mercury  
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 
(µg/Nm3) 

Mean 
(µg/Nm3) 

Number  
of samples Reference 

USA wellhead gas (estimated)  <1 *1  Wilhelm, 2001 
Russian Federation, 

wellhead gas from oil wells 0.05-70 *1 2.4 *1 48 Lassen et al., 2004 

Russian Federation,  
free gas from gas wells  

(after primary condensate separator) 
0.07-14 *1 3,4 *1 169 

Lassen et al., 2004 

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

Sumatra 180-300   
Muchlis, 1981;  
Situmorang and  

Muchlis , 1986  *2 
Notes  *1 The references use the unit µg/m3 without indicating whether the volume is normalized to Nm3; 

*2 As cited in OilTracers (1999-2004). 

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

Country Mercury concentration 
µg/m3 

Reference and notes 

USA <0.02 - <0.2 
Wilhelm, 2001; all results below the 
detection limit of the methods used for 
different analyses 

Russian Federation 0.03 - 0.1 Lassen et al., 2004 

Denmark <0.1 - 0.8 Skårup et al., 2003 
 

328. Pirrone et al. (2001) reported that “a reduction of mercury to below 10 µg/m3 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 

Reference Number  
of samples 

Range 
(ppb) 

Mean 
(ppb) SD Notes 

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. If no 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 

Gas quality 
Default input factors; 

µg Hg/Nm3 gas;  
(low end - high end) 

Raw or pre-cleaned gas 2 – 200 

Pipeline gas (consumer quality) 0.03 – 0.4 
 

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 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 

disposal 

Extraction /refining n.a. n.a. n.a. n.a.  n.a. 

Combustion/use 1      

 

c) 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: 

• Measured data or literature data on mercury concentrations in the natural gas extracted, refined 
and combusted at the source; 

• Amount of natural gas extracted, refined and burned; and  

• 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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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. 

c) 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 et 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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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. et 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. For uncontrolled 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. In investigations 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 (Skårup 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 10-6 kg/metric tons of dry wood burned. The average emission factor reported 
for boilers with ESP’s was 1.3 x 10-6 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 10-6 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: 

• Measured data or literature data on the mercury concentrations in the types of biomass combusted 
at the source; 

• Amount of each type of biomass burned; and 

• 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 factor  
(concentration of Hg  

in the biomass burned at plant) 
* 

Activity rate  
(amount of each type of 

biomass burned per year) 
* Distribution factor  

for each pathway 

 
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 ºC 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 ºC 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 

Phase of life cycle Air Water Land General 
waste 

Sector specific 
treatment/ 

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 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.2.1 Primary extraction and processing of 
mercury X X X X X PS 

5.2.2 Gold and silver extraction with mer-
cury-amalgamation process X X X   OW 

5.2.3 Zinc extraction and initial processing X X X X X PS 

5.2.4 Copper extraction and initial process-
ing X X X X X PS 

5.2.5 Lead extraction and initial processing X X X X X PS 

5.2.6 
Gold extraction and initial processing 
by other processes than mercury 
amalgamation 

X X X X X PS 

5.2.7 Aluminum extraction and initial 
processing X  x  X PS 

5.2.8 Extraction and processing of other 
non-ferrous metals X X X  X PS 

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. 

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 w 65 w - - 15 
Other countries - 223 200 - - 830 380 448 
Totals for reported activity 
(rounded) 

3000 2200 3400 2600 2900 2800 2200  

 
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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

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: 

• Amount of ore processed and mercury concentrations in these ores; 

• Amount of mercury recovered; 

• Amount of mercury lost per unit ore processed or per unit mercury recovered; and 

• 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 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

disposal 

Gold and silver extraction with the 
mercury-amalgamation process 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. 

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 

Total amount of gold or silver  
produced using such techniques 

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 

 



Chapter 5.2 – Primary (virgin) metal production 

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

92 

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: 

• Total amount of gold or silver produced using such techniques; 

• Number of miners engaged in such activities; 

• Percent of miners who use retorts, which limit the atmospheric releases and allow internal recy-
cling of mercury; and 

• 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) is >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 
(Hglost:Auproduced) is that some authors report only the Hgused:Auproduced ratio, 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 Hglost:Auproduced ratio as an approximate and regional estimate of mer-
cury releases from various operations in an ASM region. The ratio of Hglost:Auproduced 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): 

• Interview operation owners, who are in charge of supplying mercury as well other consum-
ables;  

• 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;  

• Interview as many owners as possible and check for inconsistencies in data;  

• 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; 

• Obtain estimates of gold production in dry and rainy seasons;  

• Obtain average estimates of gold production (miners can exaggerate providing production es-
timates mostly from “good days”);  

• If possible, ask permission to assess the processing operation and weigh all mercury being in-
troduced and recovered;  

• 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;  

• If retorts are not being used, weigh amalgam before burning and doré, after burning; 

• If retorts 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;  

• Check if the mercury balance through sampling is consistent with the data on the amount of 
mercury purchased provided by the miners. 



Chapter 5.2 – Primary (virgin) metal production 

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

94 

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 

Process 
Default input factors;  

kg mercury per kg gold produced; 

Extraction from whole ore 3 

Extraction from concentrate 1 

Extraction from concentrate and with use of retorts 
(see text above) 

0.001 

 

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 

 Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Extraction of gold with mercury 
amalgamation processes   *1 0.6 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. 

c) 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 et 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" (Hg2Cl2), 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 ºC; 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" 
(Hg2Cl2 - 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 Ion Exchange" process (reduces mercury con-
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centrations to < 5 ppm or mg/l)) or the "Potassium Iodide" 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/l)" (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 SO3 free and the temperature is about 30 °C. The gas is scrubbed in a packed bed tower with 
a solution containing HgCl2. 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 HgCl2, which is then recycled to the washing stage. The mercury 
product blend is either used for mercury production or stored.  

Outokumpu 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 ZnSO4 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 ºC 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 

Phase of life cycle Air Water Land Products  General 
waste 

Sector specific 
treatment/ 
deposition 

Mining and production of concentrates x X X X  *2  X 

Extraction of primary zinc from con-
centrate X X X X  *3  X 

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. 

5.2.3.3 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  
of concentrates 

Metric tons of reject material  
produced per year 

g mercury/metric ton in  
reject material produced *1 

Extraction of primary zinc  
from concentrate 

Metric tons of concentrate  
used per year g mercury/metric ton concentrate 

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 be applied to form a rough estimate. 

454. Concentrations of mercury in ore, reject material, and concentrate for zinc production are not 
easily available in recent, published summary literature. Some examples are, however, given in table 
5-42 below. 

455. Schwarz (1997) presents a review of estimated mercury concentrations in sphalerite (ZnS, the 
main mineral for zinc production) from mineral deposits across 19 countries of the Americas and the 
Eurasian continent (Canada, Sweden, Finland, Australia, Japan, Kazakhstan, Norway, Russia, Spain, 
USA, Germany, Czech Republic, Ukraine, Bulgaria, Peru, Serbia, Slovenia, Ireland, Italy). See the 
detailed mercury concentration estimates in sphalerite in the technical annex in section 8.1. These es-
timates indicate mercury concentrations in different types of sphalerit-rich ores and concentrates 
(sphalerite concentrations can be high in zinc concentrates based on this mineral). They also give hints 
of which mineral deposit types are rich/low in mercury, which might be used to direct exploration to-
wards deposits with low mercury concentrations. As mentioned above, Schwarz estimated that global 
zinc production gave rise to mobilisation of several hundred metric tons of mercury in 1995 (a low end 
estimate for 1995 was 600 metric tons), making zinc production rank among the largest sources of 
mercury outputs. Based on an analysis of the mercury/zinc relationships and the geological formation 
history of the mineral deposits, he concluded the following:  

• Proterozoic volcanic associated deposits have high mercury concentrations in the sphalerite 
(reported range 4-4680; averages 182-757 g Hg/metric ton sphalerite)  

• Phanerozoic exhalative and vein type deposits have moderate mercury concentrations in the 
sphalerite 

• Mississippi Valley Type deposits have low mercury concentrations in the sphalerite (range 
0.05-186; averages 9-14 g Hg/metric ton sphalerite) 
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Table 5-42 Examples of mercury concentration in ore, rejects and zinc concentrates 

Country Location Type 
Average Hg 

concentration,
g/metric ton 

Range of Hg 
conc. in  
samples, 

g/metric ton 

Data source 

In ore 

Canada Brunswik 
Works 

 2.1  Klimenko and Kiazimov 
(1987) 

Finland Kokkola  2.8  Maag (2004) 

Russian 
Federation 

Ural  10-25  Kutliakhmetov (2002) 

In reject material from production of concentrates 
Canada Brunswik 

Works 
From production of zinc, copper, 
lead and compound concentrates 

0.69 
(at ore Hg conc. 

2.1) 

 Klimenko and Kiazimov 
(1987) 

Russian 
Federation 

Ural From production of zinc, copper 
and compound concentrates 

1-9 
(at ore Hg conc. 

10-25) 

 Kutliakhmetov (2002) 

In concentrates 
Canada Brunswik 

Works 
 13.5  Klimenko and Kiazimov 

(1987) 
Dominican 
Republic 

Pueblo Viejo Sphalerite separates from high-
sulphidation epithermal deposit 

 "Up to 350" Kesler et. al. (2003, in 
press) 

Russian 
Federation 

Ural  
(7 individual 
concentration 

works) 

Zinc concentrates  20-93   *1 Mustafin et. al. (1998) 

 Ural Zinc concentrates 76-123  Kutliakhmetov (2002) 
 Middle Ural Zinc concentrate from pyrite 

and/or pyrite-and-polymetallic 
deposits 

 1-4.5   *2 Ozerova (1986) 

 South Ural Pyrite and pyrite-and-
polymetallic deposits 

 10-75   *3 Ozerova (1986) 

 Caucasus Pyrite and pyrite-and-
polymetallic deposits 

 1-18   *4 Ozerova (1986) 

World mar-
ket(?) 

 General range for zinc concen-
trates 

 10-2000 Fugleberg (1999) 

Notes: *1: Range of average concentrations between concentration works, numbers of samples not cited; 
*2: Range between averages in three locations; 
*3: Total range of samples from four individual deposits; averages are not reported; 
*4: Total range of samples from two individual deposits; averages are not reported.  

 

456. Summary data from Schwarz (1997) are given in table 5-43 below. See more detailed informa-
tion in the technical annex in section 8.1; also, many useful details are given in the reference.  
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Table 5-43 Estimated average mercury concentrations in the mineral sphalerite in some mineral de-
posit main types (extracts from Schwarz, 1997) 

Mineral deposit type 

Average Hg con-
centration in 

sphalerite, ppm 
(g/metric ton) 

Number of 
deposits in-
cluded in 

estimation 

Share of mine 
zinc production 

in the mid 
1980's,%   *1 

Exhalative (including Proterozoic volcanic associated 
deposit types)  

180 101 61 

Exhalative (excluding Proterozoic volcanic associated 
deposit types) 

64 75 - 

Missisipi Valley Type deposits 9 61 25 

Vein and other types 81 86 14 

Production weighted mean *2 123 (53) 248 (222)  

Notes: *1   According to Tikkanen (1986); 
*2   Proterozoic volcanic associated deposit types are excluded in the numbers in brackets. 

5.2.3.4 Examples of mercury in releases and wastes/residues  

Examples of outputs from production of concentrates 

457. In the tables 5-44 and 5.45 below, two examples of mercury distribution in the outputs from 
combined production of several non-ferrous metal concentrates are given. The examples are quite dif-
ferent and serve only as indications here; common features are, however, that the percentage of the 
mercury inputs following zinc concentrates is rather high and the mercury concentrations in the reject 
materials (tailings) are somewhat lower than the mercury concentrations in the original ore.  

Table 5-44 Example of mercury distribution in outputs from production of concentrates, from Brunswik 
works, Canada (Klimenko and Kiazimov, 1987) 

Product Quantity of processed Content of Hg Extraction 

 Ore, metric ton per day mg/kg Kg per day % 

Input ore 8,575 2.1 18.24 100 

Copper concentrate 73.7 2.3 0.15 0.87 

Lead concentrate 400 2.7 1.09 5.97 

Compound concentrate 70 9.1 0.64 3.5 

Zinc concentrate 900 13.5 12.22 67.0 

Reject material 7,140 0.69 4.94 27.0 

Table 5-45 Example of mercury distribution in outputs from production of concentrates, from 
Uchalinsky works, Russian Federation (Kutliakhmetov, 2002) 

Ore, concentrate, waste Average ,  
gram Hg /metric ton 

Relative quantity of mercury,  
% 

Ore 10-25 100 

Pyrite concentrate 5-15 36-50 

Copper concentrate 28-41 10-14 

Zinc concentrate 76-123 35-48 

Reject materials 1-9 2-3 
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Examples of outputs from production of zinc metal 

458. As mentioned above, quantitative descriptions of mercury mass balances over zinc extraction 
works - corresponding inputs and output distribution estimates - seem not to be easily available in re-
cent summary literature. A few examples of emission factors are available, but only for atmospheric 
emissions of mercury, and with no links to corresponding mercury inputs with concentrates or ore.  

459. An example from a Russian zinc production plant indicates that about 7% of the mercury in-
puts with zinc concentrate follow the sinters through the additional steps of the zinc extraction proc-
esses, while about 93% follow the gases generated from the sintering. In the example, an estimated 
24% of the mercury inputs are retained in the electrostatic filter dusts which serve as input to copper 
and lead production (cyclone filters also retain mercury containing dust but this is fed back in the sin-
tering line). The remaining 69% follow the gas to the acid plant where it is distributed between Hg/Se 
scrubber sludges, the sulphuric acid product, and water residues from a purification of the acid (Bo-
brova et al., 1990). There appears to be some uncertainty whether mercury releases to the atmosphere 
are adequately accounted for in the example (Lassen et al., 2004), so the numbers may likely be con-
sidered as illustrating the flow of the parts of the mercury inputs which are not directly released to the 
atmosphere from the sintering.  

460. In an example from Finland, mercury removed from the processes is sold as by-product metal-
lic mercury. Mercury releases to water, from the production as a whole, are reported at 0.02 g 
Hg/metric ton zinc produced. Mercury outputs with deposited jarosite sludge are reported at below 
100 g/metric ton jarosite sludge (Fugleberg, 1999) - roughly corresponding to below 40g Hg/metric 
ton Zn produced (calculated, based on Fugleberg, 1999). Mercury outputs with deposited sulphur are 
not reported. Mercury releases to air per zinc amounts produced are not reported in (Fugleberg, 1999), 
but appear to be low (Finnish Environment Institute, 2003).  

461. Examples of atmpheric mercury emission factors for direct atmospheric emissions from zinc 
production are given in table 5-46 below. Low atmospheric emission factors would generally indicate 
that a large part of the mercury inputs are transferred to marketed by-product mercury (metal or com-
pounds), and/or to on-site waste deposits with a potential for future releases to all media. Some minor 
parts of the mercury inputs may be transferred to releases to aquatic environments as a consequence of 
wet processes in the emission reduction systems (sometimes referred to as "cross-media" transfers).  

Table 5-46 Examples of atmospheric emission factors for direct atmospheric emissions from zinc pro-
duction 

Country/ 
Region 

Facility/ 
location 

Reported mercury 
releases to the at-

mosphere per 
product output 

Indications of  
emission reduction 

technology level  
(atmospheric  

releases) 

Remarks Data  
reference 

Teck 
Cominco, 
British Co-
lumbia; 

0.41 g Hg/metric 
tons of product  
(zinc, lead etc.) 

Appears to be high 
level: Cyclones, 
ESP's, scrubbers, Hg 
removal, acid plant. 

Parallel, semi-integrated 
hydromet. zinc and py-
romet. lead extraction, data 
do not allow an allocation 
on zinc vs. lead 

Environment 
Canada, 
2002 

Canada 

Noranda 
CEZ, Québec 

0.002 g Hg/metric 
tons of product  

(zinc, etc.) 

Appears to be high 
level: Cyclones, 
ESP's, scrubbers, Hg 
removal, acid plant. 

Hydrometallurgical zinc 
production 

Environment 
Canada, 
2002 and 
2004 

 

462. According to the European Commission (2001), output of by-product mercury in the produc-
tion of other non-ferrous metals amounted to an estimated 350 metric tons mercury in Europe in 1997. 
These processes generally produce mercury or calomel in the range of 0.02 - 0.8 kg mercury per met-
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ric ton of (other) metals produced; depending of the mercury content of the input concentrates. For 
zinc production more specifically, examples are shown in table 5-47. These general numbers/examples 
presumably refer to EU (or European) conditions with regard to the level of implemented atmospheric 
emission reduction systems, where mercury retention may possibly be in the high end compared to the 
general global situation.  

Table 5-47 Examples of by-product mercury outputs from zinc production (presumed to be EU or 
European conditions), from TU Aachen (1999), as cited in European Commission (2001) 

Production step and type 
Mercury by-product,  

Kg by-product /metric ton  
of Zinc produced *1 

Roaster/sulphuric acid plant in hydrometallurgical plants 0.3-0.8 

Sintering/sulphuric acid plant in Imperial Smelter Fur-
nace process (pyrometallurgical process) 0.15 

 

463. The European Commission (2001) presents indicatory mercury concentrations in "typical gas 
cleaning effluents" (waste waters) at 0.1-9 mg/l, again this likely refers to the EU (or European) situa-
tion.  

464. Feng et al. (2004) report that extensive local ambient mercury contamination from zinc pro-
duction with indigenous technology has taken place in the Hezhang area in the Guizhou province in 
China. Feng et al. measured mercury concentrations in ores and coals used, and in smelting residues 
and coal ashes, and calculated the following atmospheric emission factors for zinc production at the 
given circumstances: From sulphidic ore: 155 g Hg/metric ton of zinc produced; from oxide ore: 78.5 
g Hg/metric ton of zinc produced. These numbers are much higher than Western estimates from the 
late 1980's, 25 g Hg/metric ton of zinc produced (Nriagu and Pacyna, 1988).They demonstrated also 
that mercury in zinc smelting residues is easily leachable by water. Unfortunately they did not report 
the release factors to land and water, or the mercury concentrations in the input ores. 

465. UNEP (2002) cites Pirrone et al. (2001) for the efficiencies shown in table 5-48 of selected 
mercury removal techniques, of which several are employed in the non-ferrous metal smelters. 

Table 5-48 Efficiency of flue gas mercury removal techniques (Pirrone et al., 2001) 

Control technique Typical Hg 
removal efficiency 

Measured Hg content 
downstream (µg/m3) 

Selenium filter > 90% < 10 
Selenium scrubber 90-95% 200 
Carbon filter 90-95% 10 
Odda chloride process n.a. 50-100 
Lead sulfide process 90-99% 10-50 

 

5.2.3.5 Input factors and output distribution factors 

466. 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. Also, the presented default factors are expert judg-
ments based on summarized data only, and - at present - no systematic quantitative approach (i.e. con-
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sumption-weighted concentration and distribution factors derivation) has been involved in the devel-
opment of the factors. 

467. 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. 

468. Due to lack of data, no default factors can be set for the mining and concentrating processes. 
Note that this implies that the mercury release estimates calculated from default factors will likely tend 
to underestimate the total releases from the sector. 

a) Default mercury input factors 

469. Actual data on mercury levels in the particular concentrate composition used will lead to the 
best estimates of releases. 

470. 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 5-49 
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 5-49 Preliminary default input factors for mercury in concentrates for zinc production 

Material 
Default input factors;  

g mercury per metric ton of concentrate; 
(low end - high end) 

Zinc concentrate 10 - 200 
 

b) Default mercury output distribution factors 

471. Data enabling the definition of default output distribution factors for zinc extraction form con-
centrates are scarce, as indicated above. A preliminary set of default output distribution factors for this 
sub-category was, however, defined, based on the available data. The default output to the atmosphere 
was derived from flue gas mercury removal techniques summarised by Pirrone et al. (2001) shown 
above. The even distribution of the remaining mercury outputs on land, by-products and sector spe-
cific treatment/disposal is artificial, as no correlated data were found indicating their actual relations, 
and is only aimed at raising the signal that substantial mercury amounts may follow these pathways. 
As mentioned above, mercury releases to water/waste water occur from this sector, but no correlated 
data are currently available to define better estimates. 

472. For zinc extraction facilities only employing the direct leach technology, the actual atmos-
pheric releases may be lower than the set default factor, while releases to solid residues may be higher. 
For zinc extraction facilities with highly efficient mercury removal technology, the actual atmospheric 
releases may be lower than the set default factor, while outputs with mercury-contaning by-products 
and releases to solid residues may be higher. 
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Table 5-50 Preliminary default output distribution factors for mercury from extraction of zinc from 
concentrates 

Phase of life cycle Air Water Land 
*1 

Product
*1, *2 

General 
waste 

Sector specific 
treatment/ 
disposal  *1 

Mining and concentrating ? ? ? ? x x 

Production of zinc from concentrate 0.1 ? 0.3 0.3  0.3 

Notes: *1 Deposition of residues will likely vary much between countries and perhaps even individual facili-
ties, and may be on land, in the mine, in impoundments, often on-site. The even distribution of the re-
maining mercury outputs on land, by-products and sector specific treatment/disposal is artificial, as no 
correlated data were found indicating their actual relations, and is only aimed at raising the signal that 
substantial mercury amounts may follow these pathways.  
*2:  By-products which may have mercury content include, among others, calomel, elemental mercury, 
sludge for off-site mercury recovery, low grade washing acids, sulphuric acid, liquid sulphur and filter 
cake or other residues sold or transferred to other metal production activities or other sectors. 

c) Links to other mercury sources estimation 

473. No links suggested. 

5.2.3.6 Source specific main data  

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

• Measured data or literature data on the mercury concentrations in the ores and concentrates ex-
tracted and processed at the source; 

• Amount of ore/concentrates extracted and processed; and 

• Measured data on the distribution of mercury outputs with (preferably all) output streams, includ-
ing mercury percentages retained by emission reduction equipment applied on the source (or 
similar sources with very similar equipment and operating conditions). 

475. The presence of a mercury removal unit at a specific extraction plant may indicate that a major 
share of the mercury outputs is not released to the atmosphere, but is instead marketed as by-product 
or stored on-site. 

5.2.4 Copper extraction and initial processing 
476. Like for zinc, quantitative descriptions of mercury mass balances over copper extraction op-
erations - corresponding input and output distribution estimates - seem not to be easily available. 
Therefore, the quantitative aspects of the description in this section have been put together piece by 
piece from different sources.  

477. 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 significant mercury release sources. Given these factors, it is highly recommended to use a 
point source approach in the inventory, and compile point source specific data from the operating 
companies themselves, if feasible, as well as from other relevant data sources with knowledge of the 
specific production facilities.  

5.2.4.1 Sub-category description 

478. Ore for extraction of copper (mainly sulphide ore) can contain trace amounts of mercury. In 
the extraction of the copper from the ore, processes are used which release this mercury from the rock 
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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 
form of "calomel" (Hg2Cl2), normally sold for off site extraction of metal mercury) or on-site proc-
essed metal mercury, or it may be stored or deposited as solid or sludgy residues (Environment Can-
ada, 2002). Marketing of recovered by-product mercury from extraction of non-ferrous metals repre-
sent a substantial part of the current global mercury supply. Besides these output pathways, (presuma-
bly minor) parts of the mercury input follows co-produced sulphuric acid at trace concentrations 
(European Commission, 2001). 

Processes involved 

479. The principal steps in copper extraction include production of copper-rich concentrate from 
raw ore, roasting of the concentrate (to produce “calcine”), and smelting in a furnace, which both oc-
cur at high temperatures.  The overall process includes numerous steps, including a final step called 
“converting”, with the purpose of eliminating the remaining iron and sulfur present in the process ma-
terial, leaving molten “blister” copper  (US EPA 1997a).  Facilities that conduct this overall process of 
producing copper from ore are commonly called “primary copper smelters”. For a thorough descrip-
tion of the process, see US EPA (1997a) or European Commission (2001). Further refining of the blis-
ter copper is not expected to cause significant mercury releases (at least as regards mercury originating 
from the copper ore). 

Mining of ore and production of concentrates 

480. Ore is mined principally from open pit mines, and copper-rich fractions are separated from the 
waste rock after grinding and milling to reduce particle sizes by mechanical separation processes; usu-
ally floatation or other processes employing suspension in water are employed. 

481. Different copper ore types exist, but the most economically important are the sulphides chal-
copyrite, bornite and chalcocite (Ullmann, 2001). In some cases copper is mined from mineral depos-
its also containing other metals, for example copper-and-nickel deposits and copper-zinc-pyrite depos-
its (Krivtsov and Klimenko, 1997). 

482. The produced concentrate is transported to the extraction plants, which may be receiving con-
centrate from mines nearby, but also from the global market. 

483. Waste rock with no or low metal content and the parts of the reject ore material which has 
been separated from the copper-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. 

484. 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 increases leaching of the metal to the environment many fold as com-
pared to the untouched mineral deposit. This process is called "acid rock drainage" (or ARD) and is 
considered a serious environment risk (European Commission, 2003).  

485. 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, copper concentrates 
and reject material. Quantitative data on release of mercury from waste rock and mining tailings to air, 
water and land has not been identified. But this release source should not be neglected, because even 
moderate mercury concentrations in the material may possibly render substantial mercury amounts 
mobile because of the enormous amounts of materials handled in mining operations.  
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Extraction of copper from concentrate 

486. As mentioned, copper extraction involves a complex network of processes, which will not be 
described in details here. With regard to mercury flow and release pathways, copper extraction nor-
mally roughly resembles the "pyrometallurgical" process path described for zinc, see section 5.2.3 for 
the description. One major difference is that many copper smelters do not employ roasting/sintering 
before the concentrate is fed to the furnace, but only drying. As a consequence, more of the sulphur - 
and possibly also mercury - in the feed stays in the molten material lead to the next process step, the 
so-called converting, where it is vented by a blow-through of air/oxygen. Another difference from zinc 
production is the so-called fire-refining step, which takes place after the converting. Hydrocarbons 
(gas) or sometimes "green" timber logs are added to the molten copper contaning material to reduce 
metal oxides to elemental metal and other constituents (European Commission, 2001). These carbon 
sources are additional sources to mercury inputs to the extraction processes; no data are, however, 
available to quantify their contributions to mercury releases. 

487. Recycled copper scrap may be added to the feed material to the smelting steps, but is not con-
sidered a major input source of mercury to the process. Copper and zinc, or copper and nickel, (and 
other metals) are sometimes produced in parallel, semi-integrated process lines in the same smelters 
(Environment Canada, 2002). 

488. The primary releases of mercury from the feed materials happen during the drying/roasting 
step (if present) and from the smelting furnace. In addition, converters and refining furnaces may emit 
any residual mercury left in the material flow through the copper extraction process (US EPA, 1997a). 
If no mercury removal step is included in the off gas treatment before the acid plant, most of these re-
leases will be lost to the atmosphere. If exhaust gases from the drying/roasting, furnace and/or con-
verter steps are lead through highly efficient particle filters (ESPs and/or fabric filters), part of the 
mercury in the gas may be retained with the particles. 

5.2.4.2 Main factors determining mercury releases and mercury outputs 

Table 5-51 Main releases and receiving media during the life-cycle of copper extraction and initial 
processing 

Phase of life cycle Air Water Land Products 
*2 

General 
waste 

Sector specific 
treatment/ 

disposal 

Wastes from mining and produc-
tion of concentrates x X X   X 

Extraction of primary copper from 
concentrate X X X X  X 

Manufacture of refined copper and 
products  *1       

Use of copper       

Disposal of copper       

Notes: *1:  Mercury releases could in principle happen due to fossil fuel usage, but the copper metal is not  
       expected to be a mercury input source to the refining and manufacturing steps;  
*2:  In sulphuric acid, mercury by-products, and perhaps other process-derived by-products; 
 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. 

489. The concentration of mercury in the ore/concentrate, and the amount of ore/concentrates used 
are important factors determining mercury releases. 
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490. The presence of a dedicated mercury removal step will influence the distribution between out-
put pathways considerably. With mercury removal, 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 in the mercury removal step 
to the same output pathways. 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. 

491. 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. 

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

493. 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 substantial releases to air, water and land. 

5.2.4.3 Discussion of mercury inputs 

Table 5-52 Overview of activity rate data and mercury input factor types needed to estimate releases 
from copper extraction and initial processing 

Life-cycle phase Activity rate data needed Mercury input factor 

Wastes from mining and production 
of concentrates 

Metric tons of reject material  
produced per year 

g mercury/metric ton in 
reject material produced *1 

Input to extraction of primary copper 
from concentrate Metric tons of concentrate used per year g mercury/metric ton  

concentrate 

Notes: *1 Such wastes may include lower grade material (lower lead concentrations), and the mercury concen-
trations may be similar to concentration in the input ore material. If no concentration data for reject 
materials are available, concentration data for the ore used may be applied for forming a rough esti-
mate. 

Table 5-53 Examples of mercury concentration in ore, rejects and copper concentrates 

Country Location Type 
Average Hg  

concentration,  
g Hg/metric ton 

Range of Hg 
concentration 

in samples, 
g/metric ton 

Data source 

In ore 
Canada Brunswik 

Works 
 2.1  Klimenko and Kiazimov 

(1987) 
Russian Federa-
tion 

Ural  10-25  Kutliakhmetov (2002) 

 South ural, 4 
locations 

Copper and pyrite, massive 9.8-13 *1  Fursov (1983) 

Kazakhstan Kusmurun Copper and pyrite, massive 9.2 4.3-16.70 
(11 samples) 

Fursov (1983) 

 Dzhezgaz-
gan 

Cuprous limestone, massive 
(chalcopyrite) 

3.2 2.8-3.68 
(15 samples) 

Fursov (1983) 

 Dzhezgaz-
gan 

Cuprous limestone, dissemi-
nated (bornite) 

1.5 1.23-1.87 
(11 samples) 

Fursov (1983) 

 Counrad Copper and porphyry, dis-
seminated (primary) 

0.9 0.76-1.02 
(8 samples) 

Fursov (1983) 
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Country Location Type 
Average Hg  

concentration,  
g Hg/metric ton 

Range of Hg 
concentration 

in samples, 
g/metric ton 

Data source 

In reject material from production of concentrates 
Canada Brunswik 

Works 
From production of  zinc, 
copper, lead and compound 
concentrates 

0.69 
(at ore Hg conc. 

2.1) 

 Klimenko and Kiazimov 
(1987) 

Russian Federa-
tion 

Ural From production of  zinc, 
copper and compound con-
centrates 

 1-9 
(at ore Hg conc. 

10-25) 

Kutliakhmetov (2002) 

In concentrates 
Canada Brunswik 

Works 
 2.3  Klimenko and Kiazimov 

(1987) 
Russian Federa-
tion 

Ural From copper pyrite type ore  28-41 Kutliakhmetov (2002) 

 Unknown From pyrite and polymetal 
type 

 0.22 - 65 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown From stratiformic lead-and-
zinc type 

 2 - 290 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown From copper pyrite type  0.3 - 150 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown From cupriferous sandstone   4 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown From vanadium-iron-copper 
type 

 70 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown 
 

From copper-molybdenum 
type 

 0.02 Bobrova et al., (1990); 
Ozerova (1986) 

 Unknown 
 

From copper-nickel type  0.14 – 0.4 Bobrova et al., (1990); 
Ozerova (1986) 

General, cover-
age unknown 

Unknown 
geography 

 0.5 - 8  Confidential European 
data source 

Notes: *1: Range between averages in several locations, 38 samples in all. 

5.2.4.4 Examples of mercury in releases and wastes/residues  

Examples of outputs from production of concentrates 

494. Two examples of mercury distribution in the outputs from production of non-ferrous metal 
concentrates (including copper concentrates) are given under the same heading in the zinc extraction 
section (see tables 5-44 and 5-45 in section 5.2.3). The two examples are quite different and may not 
necessarily be representative; they serve only as indications here.  

Examples of outputs from production of copper metal 

495. As mentioned above, quantitative descriptions of mercury mass balances over copper extrac-
tion works - corresponding inputs and output distribution estimates - seem not to be easily available in 
recent summary literature. One attempt of developing a complete output distribution overview was, 
however, made by Yanin (in Lassen et al., 2004) for Russian crude copper smelters; the estimated 
output distribution is shown in table 5-54. The estimates are based on theoretical considerations and 
should be regarded as indicative only. 

496. For comparison with the air emission factors described below, an example can be calculated 
using Yanins estimates above. At a mercury concentration of 13.8 g/metric ton in the concentrate used, 
a copper concentration of 15% in the same concentrate, and an extraction rate of 93% of the copper 
input, the calculated air emission factor would be 13.8 g Hg/metric ton conc. / 0.15 metric ton 
Cu/metric ton conc. * 0.93 = 11.7 g Hg/metric ton of copper produced. This is comparable to the at-
mospheric emission factor for the Hudson Bay smelter in Canada, shown in table 5-55 below. 
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Table 5-54 Indicative estimates of the output distribution of mercury from copper smelters under Rus-
sian conditions (Yanin, in Lassen et al., 2004) 

Relase pathway Atmos-
phere 

Waste 
water 

Slag 
dumped 

Sludge 
dumped 

"Arsenate 
cake" 

dumped 

"Lead 
cake" sold 
to Pb ex-
traction 

Liquid 
sulphur 

*2 

Wash-
ing acid 

*2 
Sum 

Share of Hg inputs *1 0.12 0.02 0.04 0.38 0.06 0.11 0.14 0.14 1.00 

Outputs in g Hg/ 
metric ton produced 
copper, for an exam-
ple with input of 13.8 
g Hg/metric ton con-
centrate 

0.12 0.02 0.04 0.38 0.06 0.11 0.14 0.14 1.00 

Notes: *1 Corrected here for internal recycling of filter dust to the furnace (steady state assumed); 
*2 Liquid sulphur - a by-product - and washing acid is most likely sold; this is, however, not mentioned  
 in the reference. 

497. A few examples of emission factors are available, but only for atmospheric emissions of mer-
cury, and with no links to corresponding mercury inputs with concentrates or ore.  

498. Examples of emission factors for direct atmospheric emissions from copper production are 
given in table 5-55 below. Low atmospheric emission factors would generally indicate that a large part 
of the mercury inputs are transferred to marketed by-product mercury (metal or compounds), and/or to 
on-site waste deposits with a potential for future releases to all media. Some minor parts of the mer-
cury inputs may be transferred to releases to aquatic environments as a consequence of wet processes 
in the emission reduction systems (sometimes referred to as "cross-media" transfers). For the 
nickel/copper smelter mentioned, produced slag is used for road and railroad construction.  

499. Based on self reported emissions data from 7 primary copper smelters in the USA for year 
1993, US EPA estimated total atmospheric mercury releases at 57 kg per year in 1994, from smelters 
with a metal production capacity of approximately 1.4 million metric tons (1995/96 capacity)(US 
EPA, 1997b). Corresponding atmospheric release rates per product output can be calculated to ap-
proximately 0.04g Hg/metric ton of metal production "capacity". 

Table 5-55 Examples of emission factors for direct atmospheric releases from copper production 

Country/ 
Region 

Facility/ 
location 

Reported mercury re-
leases to the atmosphere 

per product output 

Indications of emission 
reduction technology level 

(atmospheric releases) 
Remarks Data  

reference 

USA National 
average 

0.04g Hg/metric ton of 
metal production "capac-
ity" 

 Self-reported atmospheric Hg 
releases. Unclear if "capacity" 
mirrors actual production. 

US EPA 
(1997a) 

Hudson 
Bay 
M&S, 
Manitoba 

8.2 g Hg/metric tons of 
product (zinc, copper 
etc.) 

Appears to be moderate: 
ESP's, but no Hg removal or 
acid plant 

 Environ-
ment  
Canada 
(2002) 

Noranda 
Horn 

1.8 g Hg/metric tons of 
product (copper etc.) 

Furnace and new converter 
line equipped with ESPs, Hg 
removal and acid plant; old 
converters processing parts of 
the feed is only equipped 
with ESPs 

Also processes recycled copper. Environ-
ment  
Canada 
(2002) 

Canada 

Inco 
Copper 
Cliff 

0.01 g Hg/metric tons of 
product (Copper, nickel 
etc.) 

Furnace off gas line with wet 
PM filter and acid plant, but 
no Hg removal; Drying + 
converting steps off gas with 
ESPs only 

Combined nickel/copper 
smelter. Part of slag from fur-
nace is used for railway and 
road construction. Apparently 
feed may have lower Hg con-
centrations than for other Cana-
dian smelters mentioned here 
(Toolkit authors remark) 

Environ-
ment  
Canada 
(2002) 
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500. According to the European Commision (2001), output of by-product mercury in the produc-
tion of non-ferrous metals (other than dedicated mercury mining) amounted to an estimated 350 metric 
tons mercury in Europe in 1997. These processes generally produce mercury or calomel in the range of 
0.02-0.8 kg mercury per metric ton of (other) metals produced; depending of the mercury content of 
the input concentrates.  

5.2.4.5 Input factors and output distribution factors 

501. 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. Also, the presented default factors are expert judg-
ments based on summarized data only, and - at present - no systematic quantitative approach (i.e. con-
sumption-weighted concentration and distribution factors derivation) has been involved in the devel-
opment of the factors. 

502. 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. 

503. Due to lack of data, no default factors can be set for the mining and concentrating processes. 
Note that this implies that the mercury release estimates calculated from default factors will likely tend 
to underestimate the total releases from the sector. 

a) Default mercury input factors 

504. Actual data on mercury levels in the particular concentrate composition used will lead to the 
best estimates of releases. 

505. 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 5-56 
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 5-56 Preliminary default input factors for mercury in concentrates for crude copper production 

Material 
Default input factors;  

g mercury per metric ton of concentrate; 
(low end - high end) 

Copper concentrate 1 - 15 
 

b) Default mercury output distribution factors 

506. The default output distribution factors set may perhaps reflect the situation at copper smelters 
which do not have the most modern air pollution abatement systems. This implies that facilities with 
state-of-the-art air pollution abatement systems may have smaller releases to the atmosphere, meaning 
that more mercury will follow other wastes, by-products, or releases. 
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Table 5-57:  Preliminary default output distribution factors for mercury from extraction of copper from 
concentrates 

Default output distribution factors, share of Hg input 

Phase in life cycle 
Air Water Land 

*1 

By-
products 

*2 

General 
waste 

Sector specific 
treatment/ 
disposal  *1 

Mining and concentrating ? ? ?   X 

Production of copper from concen-
trate 0.1 0.02 0.24 0.4  0.24 

Notes:  *1 Deposition of residues will likely vary much between countries and perhaps even individual facilities, 
and may be on land, in the mine, in impondments, often on-site. The distribution here of residues be-
tween land versus sector specific treatment/disposal is artificial and is only aimed at raising the signal 
that substantial mercury amounts may follow these pathways.  
*2: By-products which may have mercury content include, among others, calomel, elemental mercury, 
sludge for off-site mercury recovery, low grade washing acids, sulphuric acid, liquid sulphur and filter 
cake or other residues sold or transferred to other metal production activities or other sectors. 

c) Links to other mercury sources estimation 

507. No links suggested. 

5.2.4.6 Source specific main data  

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

• Measured data or literature data on the mercury concentrations in the ores and concentrates ex-
tracted and processed at the source; 

• Amount of ore/concentrates extracted and processed, and 

• Measured data on the distribution of mercury outputs with (preferably all) output streams, includ-
ing mercury percentages retained by emission reduction equipment applied on the source (or 
similar sources with very similar equipment and operating conditions). 

• The presence of a mercury removal unit at a specific extraction plant may indicate that a major 
share of the mercury outputs is not released to the atmosphere, but is instead marketed and sold as 
a by-product or stored on-site. 

5.2.5 Lead extraction and initial processing 
509. 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 significant mercury release sources. Given these factors, it is highly recommended to use a 
point source approach in the inventory, and compile point source specific data from the operating 
companies themselves, if feasible, as well as from other relevant data sources with knowledge of the 
specific production facilities.  

5.2.5.1 Sub-category description 

510. Lead is extracted from a sulfide ore, primarily galena (lead sulfide), which also contains some 
mercury (US EPA, 1997a). The levels of mercury in the ores vary, and in some cases can be elevated 
compared to other natural raw materials (COWI, 2002).  
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511. Like described for zinc (section 5.2.3), the waste rock and tailings may, just like the generated 
concentrates, contain trace amounts of mercury. This material is much more susceptible to weathering 
due to the reduced particle sizes and higher accessibility to air and precipitation. For sulphicid ores, 
which are important ore types for production of several base metals, this weathering liberates and oxi-
dizes the contained sulphur and produces sulphuric acid. The acid renders mercury and other constitu-
ents more soluble and thus 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 consid-
ered a serious environment issue (European Commission, 2003).  

512. In the extraction of the lead from the ore/concentrate, 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 extrac-
tion 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 form of "calomel" (Hg2Cl2), 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 (Envi-
ronment Canada, 2002). Besides these output pathways, (presumably minor) parts of the mercury in-
put follows co-produced sulphuric acid at trace concentrations (European Commission, 2001). 

513. The principal steps in lead extraction generally resemble the "pyrometallurgical" extraction 
process described for zinc (section 5.2.3), and include production of lead-rich concentrate from raw 
ore, roasting of the concentrate, and smelting/reduction of the metal oxides in a furnace, which both 
occur at high temperatures. In some production facilities, the concentrate is not sintered prior to the 
introduction in the furnace. In these cases, most of the mercury present in the concentrate is expected 
to evaporise and follow the gas streams of the further process. Like for zinc and copper, mercury pre-
sent in the off gasses from sintering and smelting may be removed in a dedicated mercury removal 
step before the gasses are lead to the sulphuric acid recovery plant (if present; see the detailed process 
description in section 5.2.3). Lead is sometimes co-produced with zinc or other non-ferrous metals. 
For a thorough description of the processes of lead extraction see for example (European Commission, 
2001). 

514. Recycled lead scrap may be added to the fed material to the sintering or smelting steps, but is 
not considered a major input source of mercury to the process. Metallurgical coke (or gas fuel) is used 
in the reduction step in the furnace, but is not expected to be major mercury input sources to the proc-
esses. 

5.2.5.2 Main factors determining mercury releases and mercury outputs 

Table 5-58 Main releases and receiving media during the life-cycle of lead extraction and initial proc-
essing 

Phase of life cycle Air Water Land Products 
*2 

General 
waste 

Sector specific 
treatment/ 

disposal 

Wastes from mining and produc-
tion of concentrates x X X   X 

Extraction of lead from concen-
trate X X X X  X 

Manufacture of refined lead and 
products  *1       

Use of lead       

Disposal of lead       

Notes: *1: Mercury releases could in principle happen due to fossil fuel usage, but the lead metal  
  is not expected to be a mercury input source to the refining and manufacturing steps;  



Chapter 5.2 – Primary (virgin) metal production 

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

116 

*2: In sulphuric acid, mercury by-products, and perhaps other process-derived by-products; 
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. 

515. The concentration of mercury in the ore and amount of ore mined are important factors deter-
mining mercury releases. 

516. Extraction and primary processing of lead (also called “primary lead smelting”) may lead to 
releases of the mercury to the atmosphere, to aquatic and terrestrial environments, and to accumulation 
of substantial quantities of mercury-containing mineral waste which may in turn lead to additional re-
leases. The extent of releases is very dependent on how carefully the waste deposits are managed 
(COWI, 2002). US EPA (1997a) describe that the sintering reactions occur at very high temperatures 
(about 1000 ºC); and controls devices used at most plants (in the USA) are expected to have minimal 
effectiveness at capturing the mercury.  Therefore, most of the mercury in the ore is expected to vapor-
ized and emitted to air during this sintering process.  Any residual mercury remaining in the roast from 
the sintering process is generally expected to be released during the reduction step (US EPA, 1997a). 

517. Extraction and processing facilities may be equipped with a variety of release reduction de-
vices, with some potential to reduce direct releases of mercury to the atmosphere as well as to aquatic 
and terrestrial environments. Such technologies may involve retention of particulate matter and gase-
ous releases from flue gas, and possibly waste water treatment. Release reduction technology normally 
yields additional solid or fluid residues.  Some mercury may eventually be released to the environment 
(air, water, land) through these residues (COWI, 2002). The extent and timing of these releases and the 
release pathways depends on the specific approaches and efforts used for waste management.  

5.2.5.3 Discussion of mercury inputs 

Table 5-59 Overview of activity rate data and mercury input factor types needed to estimate releases 
from lead extraction and initial processing 

Life-cycle phase Activity rate data needed Mercury input factor 

Wastes from mining and produc-
tion of concentrates 

Metric tons of reject material pro-
duced per year 

g mercury/metric ton in reject 
material produced *1 

Input to extraction of primary 
lead from concentrate 

Metric tons of concentrate used  
per year g mercury/metric ton concentrate 

Notes: *1 Such wastes may include lower grade material (lower lead concentrations), and the mercury con-
centrations may be similar to concentration in the input ore material. If no concentration data for 
reject materials are available, concentration data for the ore used may be applied for forming a 
rough estimate. 

518. The two most important input factors needed to estimate emissions from a facility in this sub-
category are:  an estimate of the average concentration of mercury in the lead ore concentrate used at 
the facility; and the annual capacity of the plant (in units such as metric tons of lead ore concentrate 
processed per year). 

519. The concentration of mercury in lead ores can vary considerably. Available data on mercury 
concentrations in lead concentrates are presented in table 5.60. 



Chapter 5.2 – Primary (virgin) metal production 

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

117 

Table 5-60 Examples of mercury concentrations in concentrates for lead production 

Country Location Type 
Average Hg  

concentration, 
g Hg/metric ton 

Range of Hg 
concentration 

in samples, 
g/metric ton 

Data source 

In concentrates 
Canada Brunswik 

Works 
Lead concentrate 2.7  Klimenko and Kiazi-

mov, 1987 
USA Missouri Lead concentrate 0.2  US EPA, 1997a 
Russian  
Federation 

Unknown Concentrate of stratifor-
mic lead-and-zinc type 

 2 - 290 Bobrova et al., 1990; 
Ozerova, 1986 

 

5.2.5.4 Examples of mercury in releases and wastes/residues  

520. Klimenko and Kiazimov (1987) report mercury concentrations in reject material at 0.69 
g/metric ton from combined production of lead, zinc, copper and compound concentrates (with mer-
cury concentration in the input ore at 2.1 g Hg/metric ton ore), indicating that mercury concentrations 
in reject material may be significant. 

521. The US EPA estimated that 0.10 metric tons of mercury were emitted from lead smelters in 
the USA for year 1994.  Assuming that all mercury in the ore is released to the air, this emissions es-
timate can be calculated by multiplying total capacity (370,000 metric ton) times the average mercury 
concentration in these ore concentrates (0.2 ppm).  However, US EPA actually used a somewhat more 
complicated equation (which can be viewed in Appendix A of the US EPA, 1997a report).  

5.2.5.5 Input factors and output distribution factors 

522. 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. 

523. 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. 

524. Due to lack of data, no default factors can be set for the mining and concentrating processes. 
Note that this implies that the mercury release estimates calculated from default factors will likely tend 
to underestimate the total releases from the sector. 

a) Default mercury input factors 

525. Actual data on mercury levels in the particular concentrate composition used will lead to the 
best estimates of releases. 

526. 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 5-61 
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. 
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Table 5-61 Preliminary default input factors for mercury in lead concentrates used for extraction of 
lead 

Feed material 
Default input factors;  

g mercury per metric ton of concentrate; 
(low end - high end) 

Lead concentrate 2 – 200 
 

b) Default mercury output distribution factors  

527. As no quantitative data on the distribution of mercury outputs from lead extraction and pri-
mary processing are available, the defaults are preliminarily considered equal to the default mercury 
output distribution factors for zinc (with which lead is sometimes co-produced). 

Table 5-62:  Preliminary default output distribution factors for mercury from extraction of lead from 
concentrates 

Default output distribution factors, share of Hg input 

Phase in life cycle 
Air Water Land 

*1 

By-
products 

*1,  *2 

General 
waste 

Sector specific 
treatment/ 
disposal  *1 

Mining and concentrating ? ? ? ?   

Production of lead from concentrate 0.1 ? 0.3 0.3  0.3 

Notes: *1 Deposition of residues will likely vary much between countries and perhaps even individual facilities,  
 and may be on land, in the mine, in impoundments, often on-site. The even distribution of the  
 remaining mercury outputs on land, by-products and sector specific treatment/disposal is artificial, as  
 no correlated data were found indicating their actual relations, and is only aimed at raising the signal  
 that substantial mercury amounts may follow these pathways; 
*2 By-products which may have mercury content include, among others, calomel, elemental mercury,  
 sludge for off-site mercury recovery, low grade washing acids, sulphuric acid, liquid sulphur and filter  
 cake or other residues sold or transferred to other metal production activities or other sectors. 

c) Links to other mercury sources estimation 

528. No links suggested. 

5.2.5.6 Source specific main data 

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

• Measured data or literature data on the mercury concentrations in the ores and concentrates ex-
tracted and processed at the source; 

• Amount of ore/concentrates extracted and processed; and 

• Measured data on the distribution of mercury outputs with (preferably all) output streams, includ-
ing mercury percentages retained by emission reduction equipment applied on the source (or 
similar sources with very similar equipment and operating conditions). 

530. The presence of a mercury removal unit at a specific extraction plant may indicate that a major 
share of the mercury outputs is not released to the atmosphere, but is instead marketed as by-product 
or stored on-site. 
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5.2.6 Gold extraction and initial processing by methods other than 
mercury amalgamation 

531. Like for other non-ferrous metal extraction, quantitative descriptions of mercury mass bal-
ances over gold extraction operations - corresponding input and output distribution estimates - seem 
not to be easily available. Therefore, the quantitative aspects of the description in this section have 
been put together piece by piece from different sources. Large scale industrial mining and metal ex-
traction operations are few in number in any country where they operate, their feed materials and pro-
duction configurations vary significantly, and they may be significant mercury release sources. Given 
these factors, it is highly recommended to use a point source approach in the inventory, and compile 
point source specific data from the operating companies themselves, if feasible, as well as from other 
relevant data sources with knowledge of the specific production facilities.  

5.2.6.1 Sub-category description 

532. Ore for extraction of gold (often in the form of sulphide ore) can contain trace amounts of 
mercury which may in some cases be elevated compared to other natural raw materials. Mercury con-
tent in gold ore have in some cases been high enough to motivate the recovery of the mercury from 
solid residues from gold extraction for commercial purposes. Such recovery and marketing of by-
product mercury from extraction of gold accounts for some of the current global mercury market sup-
ply. This recovery may also partly be motivated by the desire to reduce releases of the same mercury 
from the gold production and also because this mercury may serve as a substitute for dedicated pri-
mary mercury mining (COWI, 2002). 

533. Gold extraction processes can be significant sources of mercury releases, even if no deliberate 
mercury use (amalgamation) takes place. Gold extraction is one of the largest sources of mercury re-
leases among metal extraction activities in the Arctic countries (Maag, 2004). Both releases to land 
and the atmosphere may be significant. 

534. The exact mechanisms of mercury releases from gold extraction and primary processing has 
not been found described in readily available literature, but the extraction procedures involves several 
steps at temperatures high enough to thermally releases mercury, as well as steps where significant 
amounts of solid or liquid residues which may contain mercury are produced and may be disposed of. 

535. Note that in some countries gold is produced by re-processing old mine tailings, where the 
mercury amalgamation process was formerly used, with the modern cyanide process which is more 
effective (Lassen et al., 2004). This may give rise to substantial mercury releases, if the mercury is not 
retained by effective pollution control methods. It is not known how widespread this production form 
is in a global perspective. 

Processes involved 

536. The extraction processes are a combination of general physiochemical unit operations (as de-
scribed in more detail for zinc) and specific chemical processes designed to separate the gold from 
other constituents of the ore/concentrate used. According to Renner (2000), the processes generally 
involve gravity concentration and/or flotation. Sometimes roasting of the concentrates is applied (see 
description of roasting in section 5.2.3 on zinc extraction). The main step is leaching of the concen-
trate with sodium cyanide in an aqueous alkaline slurry. The cyanide dissolves the gold from the rock 
material. The subsequent steps mainly follow one of the two lines: 1) The solid residues are filtered of, 
and the solution is treated with zinc chips to precipitate gold, which is thereafter treated with sulphruic 
acid and dried, and roasted at 800 ºC to oxidize lead, zinc and iron. Borax flux material is added, and 
the material is melted to produce raw gold with 80-90% gold content. 2) Carbon is added to the cya-
nidic concentrate slurry in a multiple step process, the gold is absorbed in the carbon material ("Car-
bon-in-pulp" process), where after the gold-containing carbon is separated from the slurry. The gold is 
eluted from the carbon again with a caustic-cianide solution, from which the gold is finally separated 
by electrolysis ("electro-winning", see section 5.2.4). The carbon is washed with acid, reactivated at 
high temperatures in a kiln and recycled into the process. Even when the cyanidization process is used 
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as the main process, a side stream of coarse or sulphidic gold ore material may sometimes be treated 
by mercury amalgamation (Renner, 2000). 

5.2.6.2 Main factors determining mercury releases and mercury outputs 

Table 5-63 Main releases and receiving media during gold extraction and initial processing by methods 
other than mercury-amalgamation 

Phase of life cycle Air Water Land 
Products 

 
General 

waste 

Sector specific 
treatment/ 

disposal 
Wastes from mining and 
production of concentrates 

x X X  x X 

Extraction of gold from con-
centrate 

X X X X x X 

Manufacture of refined gold 
and products   

      

Use of gold       
Disposal of gold       

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. 

537. Mercury and mercury compounds may be processed as a trace constituent or recovered as a 
by-product from gold ores. Many mines extract, move, store, process, and dispose of large amounts of 
waste rock and ore--materials which often contain low concentrations of mercury originating from the 
ore material. The vast majority of this material is placed in surface impoundments or on the land, and 
the metals are sometimes reported as on-site releases to land. This previously buried material is ex-
posed to potential leaching by rain, snow, and acid mine drainage, and must be carefully managed and 
monitored to prevent any surface water or groundwater contamination.  There can also be air releases 
of mercury from ore pre-processing and refining operations.  

538. Extraction and primary processing of gold may lead to releases of the mercury to the atmos-
phere, to aquatic and terrestrial environments, and to accumulation of substantial quantities of mer-
cury-containing mineral waste which may in turn lead to additional releases. The extent of releases is 
very dependent on how carefully the waste deposits are managed. 

539. No information was found on the use of control systems in gold extraction activities which 
might potentially reduce mercury releases to the environment. Non-ferrous metal extraction and proc-
essing facilities may, however, be equipped with a variety of release reduction devices, with the poten-
tial to reduce direct releases of pollutants to the atmosphere as well as to aquatic and terrestrial envi-
ronments. Such technologies may involve retention of particulate matter and gaseous releases from 
flue gas, and possibly waste water treatment. Release reduction technology normally yields additional 
solid or fluid residues, which can also lead to releases (COWI, 2002). The extent of these releases de-
pends on how well the residues are managed.  
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5.2.6.3 Discussion of mercury inputs 

Table 5-64 Overview of activity rate data and mercury input factor types needed to estimate releases 
from large scale gold extraction and initial processing (by methods other than mercury 
amalgamation) 

Life-cycle phase Activity rate data needed Mercury input factor 

Extraction and  
processing 

Amount of material/ore  
processed per year 

or 
amount of gold produced 

Concentration of Hg  
in material/ore processed 

or 
amount of mercury released  

per metric ton of gold produced 

 

5.2.6.4 Examples of mercury in releases and wastes/residues  

540. Based on data reported by 25 gold mines in the western USA, a total of 5474 kg of mercury 
were emitted to air, 0.4 kg to water, 1,886,921 kg to land on-site, and 594 kg were relesed off-site (US 
EPA, 2003a). The 10 gold mines in the USA with the highest reported releases are shown in the table 
below. 

541. According to Jasinski (1994), 114 metric tons of mercury were produced as by-products ("re-
covered") from gold mining operations in 1990. 

Table 5-65 Releases (in kg) from 10 highest emitting gold mines in the USA (US EPA, 2003a) 

Facility number Total air 
emissions 

Surface  
water dis-
charges 

Releases to 
land 

Total on-site 
releases*1 

Total off-
site re-

leases*1 

Total on- 
and off-site 
releases*1 

1 602 ND 896694 1,974,050 5 897300 

2 274 0.4 368182 810,604 0 368456 

3 228 0 340909 750,501 49 341185 

4 15 0 136364 300,034 0 136379 

5 2 0 39545 87,005 0 39548 

6 683 ND 35,000 78,503 0 35683 

7 3632 ND 28091 69,791 0 31723 

8 0.4 ND 14725 32,396 ND 14725 

9 0.4 ND 12273 12274 545 12819 

10 0.4 ND 5455 5455 ND 5455 

Total for 10 mines  ND     
Notes: ND = no data identified.  

*1  The reason for the inconsistency between the reported numbers for "total on-site releases", "total 
off-site releases" and "total on- and off-site releases" is not clear. 

542. The 1998 Toxic Release Inventory information submitted by gold mining companies in the 
USA revealed that these mines are significant sources of mercury air emissions (US EPA, 2003a). 
However, as shown in table above, the vast majority (> 99%) of total reported releases were on-site 
releases to land. TRI data on releases to water are scarce. For the mines wehere releases to water are 
reported, they appear to comprise a tiny fraction of the total releases. The reported releases to air are 
likely direct releases from the production. In principle, additional diffuse releases to air may happen 
from the material constituting the release to land. No information is, however, available on the form of 
the releases to land, the mobility of the mercury in the releases, or the mercury concentrations in the 
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releases to land (it may for example be very large quantities of waste rock and extraction sludge resi-
dues with low mercury concentrations). 

543. The reported production of gold from mines in the USA in 1999 - 2003 ("from about two doz-
ens of mines") is shown in table 5-66 (USGS, 2004). 

Table 5-66 Reported production of gold from mines in the USA in 1999 - 2003; metric tons/year 
(USGS, 2004) 

 1999 2000 2001 2002 2003 *1 

Mine production,  
metric tons gold 341 353 335 298 266 

Notes: *1 2003 estimated by USGS. 

544. Assuming that the total mercury releases reported by US EPA (2003) from 25 gold mines in 
the USA, originate from the same "about two dozens of mines" for which the USGS (2004) reported 
gold production, rough estimates of the average mercury releases per metric ton of gold produced can 
be calculated. The US EPA release data most likely describe the situation around 1999-2001, where 
the annual reported gold production from mines was 343 metric tons/year on average. Thus calculated, 
rough estimates of the average mercury releases per metric ton of gold produced are shown in table  
5-67. 

Table 5-67 Calculated estimates of the average reported mercury releases per produced metric ton of 
gold in the USA; kg Hg/metric tons gold produced 

 Releases to air Releases to land 

Reported kg mercury releases  
per produced ton of gold *1 20 6000 

Notes: *1 Rounded to reflect associated uncertainty. 

5.2.6.5 Input factors and output distribution factors 

545. Based on the information compiled above on inputs and outputs and major factors determining 
releases, the following preliminary default mercury release 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. 

546. 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  

547. A general default input factor cannot be defined due to lack of data. 

b) Default mercury output distribution factors  

548. Correlated default output distribution factors (as generally recommended in this Toolkit) can-
not be defined for this source category. 

549. For releases to air and land - from extraction and primary processing as a whole - a set of tra-
ditional release factors has been selected instead - based on data in this section - to enable default es-
timation of mercury releases to these compartments. 
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Table 5-68 Preliminary default distribution factors suggested for large scale gold extraction and initial 
processing (by methods other than mercury amalgamation)   *1 

Life cycle phase Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Kg Hg released per metric 
ton of gold produced 20 ? 6000 ?  ? 

Notes: *1 Based on national data for the USA only; may be associated with substantial uncertainties. 

c) Links to other mercury sources estimation 

550. No links suggested. 

5.2.6.6 Source specific main data 

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

• Measured data or literature data on the mercury concentrations in the ores extracted and proc-
essed at the source; 

• Amount of ore extracted and processed, and 

• Measured data on the distribution of mercury outputs with (preferably all) output streams, includ-
ing mercury percentages retained by emission reduction equipment applied on the source (or 
similar sources with very similar equipment and operating conditions). 

5.2.7 Aluminum extraction and initial processing 
552. Aluminum ore, most commonly bauxite, is refined into aluminum oxide trihydrate (alumina) 
and then electrolytically reduced into metallic aluminum. In the process, feed ore and fossil fuels and 
hydrocarbon auxiliary materials are used, which may contain trace concentrations of mercury. The 
mercury may be released to the environment. Production of aluminum rank among the top mercury 
sources to the atmosphere in Australia, a country with substantial activity in this sector (Australian 
submission to the Global Mercury Assessment - UNEP, 2002; and NPI, 2004). 

Production of alumina from bauxite 

553. Globally, alumina production is dominated by a few countries where bauxite deposits are 
abundant. For example, alumina production from bauxit is among the major mercury release source 
categories in Australia (a big alumina and aluminum producer). Four facilities report atmospheric re-
leases in the range of 220-430 kg mercury each, and no or marginal releases to land and water (NPI, 
2004). 

554. The following description is based on an Australian emission estimation guiding document for 
alumina production (NPI, 1999a): Bauxite processing includes grinding, digestion, drying, and calcin-
ing. These processes give rise to air emissions, and the formation of spent process material. In the di-
gestion process finely ground bauxite is slurried with sodium hydroxide solution and lime and reacted 
at high pressure and temperature to remove iron oxides, and silicon oxides. Sodium aluminate is 
formed, and silicon, iron, titanium, and calcium oxides form the insoluble components of the solid 
waste residual. During the digestion process, volatile organic components of the ore are vented and 
emitted to air as fugitives. In the drying/calcination the coarse alumina is calcined in rotary kilns or 
fluid-bed calciners at about 1000ºC. Calciners produce hot flue gases containing alumina and water 
vapour. Two types of kilns are used in the refining industry: oxalate, and liquor burning. Typical con-
trol equipment includes cyclonic separators, followed by ESPs. The control equipment can also be 
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used to recover product as well as to minimise emissions. Note that the emissions associated with this 
activity depend on the specific fuel being used. 

Production of aluminum from alumina 

555. Aluminum production facilities are usually placed at locations with inexpensive electricity 
supply (for example from hydro power), and the raw material alumina is traded globally. However, 
sometimes the facilities are placed close to the sources of alumina. 

5.2.7.1 Main factors determining mercury releases and mercury outputs 

Table 5-69 Main releases and receiving media during the life-cycle of aluminum extraction and initial 
processing 

Phase of life cycle Air Water Land General 
waste 

Sector specific 
treatment/ 

disposal 

Extraction and processing 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. 

Production of alumina from bauxite 

556. The Australian emission estimation guiding document for alumina production (NPI, 1999a) 
does not give a clear answer to which raw materials are the primary input source of mercury to the 
process, but does, however, indicate (by providing provide emission factors for heavy oil types and 
gas types used) that the fuels used for heat production for the process are major input sources. Like-
wise, NPI (2004) gives general mercury concentration data for bauxit (<0.03 g/metric ton) and "red 
mud" (<0.05 g/metric ton), the solid residue formed from alumina production. 

Production of aluminum from alumina 

557. In an Australian emission estimation guideline for aluminum production (NPI, 1999b), mer-
cury is mentioned as an output from both the anode baking process and the electrolytic reduction of 
alumina, but mercury emission factors are not given. In the reduction process the anodes are consumed 
and aluminum is produced at temperatures around 970 ºC. The anode material petroleum coke, a by-
product of oil refining, and pitch, a by-product from the coking of coal to metallurgical coke, produced 
by the distillation of the coal tar, may possibly both contain mercury originating from mercury natu-
rally present in the used oil and coal. At this temperature mercury remaining, if any, in the anode or 
alumina is expected to be released thermally. 

558. In the context of this Toolkit, mercury releases originating from fossil fuels would generally 
fall under the sub-categories described in section 5.1 (extraction and use of fuels/energy sources), but 
with these limited indications a clear distinction based on mercury input source is not possible. 

5.2.7.2 Input factors and output distribution factors 

559. No attempt was made so far to develop default input and output factors for this sub-category. 

560. If no specific data on mercury input with ore and other feed materials used are available, mer-
cury inputs from bauxite may be roughly estimated by multiplying bauxite amounts used annually by 
the conservative mercury concentration of 0.03 g/kg (30 g/metric ton) bauxite used. Calculate mercury 
input from fossil combustion fuels by multiplying the amounts of fuels of each type used by default 
input factors cited in section 5.1 for the respective fuel types. All mercury inputs may - as a first esti-
mate - be considered released to the atmosphere. 
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561. No data are available to form default factors for aluminum production from alumina, but the 
process may possibly be a mercury release source. 

562. It can be chosen to cover fossil fuel fired power and heat combustion entities located at facili-
ties in this sector under combustion processes described in section 5.1; beware of double counting. 

5.2.7.3 Source specific main data  

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

• Amounts of fossil fuels/ hydrocarbon materials used and mercury concentrations in these fu-
els/materials; 

• Measured data or literature data on the mercury concentrations in the ores extracted and proc-
essed at the source; 

• Amount of ore extracted and processed; and 

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

5.2.8 Other non-ferrous metals - extraction and processing 
5.2.8.1 Sub-category description  

564. This sub-category includes extraction and processing of other non-ferrous metals which can be 
a source of mercury releases, such as silver, nickel, cobalt, tin, antimony, molybdenum and tungsten 
and others. 

565. Except the below mentioned, no specific data were collected on these potential mercury re-
lease sources. The extraction processes involved likely resemble the processes involved for other non-
ferrous metals described in this Toolkit. 

5.2.8.2 Main factors determining mercury releases and mercury outputs 

Table 5-70 Main releases and receiving media during the life-cycle of extraction and processing of 
other non-ferrous metals 

Phase of life cycle Air Water Land Products General 
waste 

Sector specific 
treatment/ 

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. 

5.2.8.3 Examples of mercury in releases and wastes/residues  

566. Based on the US EPA’s TRI, there is a silver mine in Nevada that reported releases of 6.4 kg 
mercury to air and 15911 kg to land on-site for year 2001.  Releases to other media (such as water) 
may possibly be quite low since no releases were reported for these other media for this mining facil-
ity (US EPA, 2003a). 

567. No efforts were invested in collecting additional information on mercury releases from this 
sub-category. Some data are expected to be available on mercury releases from production some of 
these metals. 
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5.2.8.4 Source specific main data  

568. The most important source specific data could typically be: 

• Measured data or literature data on the mercury concentrations in the ores extracted and proc-
essed at the source; 

• Amount of ore extracted and processed; 

• Amounts of fuels and auxiliary materials used and mercury concentrations in these materials; and 

• Measured data on the distribution of mercury outputs with (preferably all) output streams, includ-
ing mercury percentages retained by emission reduction equipment applied on the source (or 
similar sources with very similar equipment and operating conditions). 

5.2.9 Primary ferrous metal production 
5.2.9.1 Sub-category description  

569. The iron and steel industry is highly material and energy intensive.  Considerable amounts of 
the mass input become outputs in the form of off-gases and residues. This industry comprises estab-
lishments primarily engaged in smelting iron ore to produce pig iron in molten or solid form; convert-
ing pig iron into steel by the removal, through combustion in furnaces, of the carbon in the iron. These 
establishments may cast ingots only, or also produce iron and steel basic shapes, such as plates, sheets, 
strips, rods and bars, and other fabricated products.  

570. Sinter plants are associated with iron manufacture, often in integrated iron and steel works. 
The sintering process is a pre-treatment step in the production of iron where fine particles of metal 
ores are agglomerated by combustion. Agglomeration is necessary to increase the passage for the 
gases during the blast furnace operation. Typically, sintering plants are large (up to several hundred 
square meters) grate systems used to prepare iron ore (sometimes in powder form) for use in a blast 
furnace. In addition to iron ore, there is usually a carbon source (often coke) and other additions such 
as limestone. In some cases wastes from various parts of the steel making process are present. In the 
sintering process, burners above the grate belt heat the material to the required temperature 
(1,100-1,200 °C), which causes the fuel in the mixture to ignite. The flame front passes through the 
sintering bed as it advances along the grate causing agglomeration. Air is sucked through the bed. The 
process is finished once the flame front has passed through the entire mixed layer and all fuel has been 
burned. Cooled sinter is transferred to screens that separate the pieces to be used in the blast furnace 
(4-10 mm and 20-50 mm) from the pieces to be returned to the sinter process (0-5 mm as "return 
fines", 10-20 mm as "hearth layer") (UNEP, 2003).  

571. Mercury may possibly be emitted from a number of points at integrated iron and steel facili-
ties, including sinter plants that convert raw materials into an agglomerated product (sinter) that is 
used to fuel the blast furnace, blast furnaces that produce iron, and basic oxygen process (BOP) fur-
nace shops that produce steel. For convenience and in the absence of detailed data, the sintering and 
blast furnace processes are treated as one process with pig-iron as the output. The subsequent basic 
oxygen process is not considered a significant mercury source and is not treated further in this Toolkit. 
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5.2.9.2 Main factors determining mercury releases and outputs 

Table 5-71 Main releases and receiving media from primary ferrous metal production 

Process phase Air Water Land General 
waste 

Sector specific 
treatment/ 

disposal 

Sintering and blast furnace 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. 

572. The main factors determining mercury releases from this sector is the mercury concentrations 
in the different feed materials, especially the ore/concentrate and the lime. 

5.2.9.3 Discussion of mercury inputs 

573. The concentration of mercury in the iron ore/concentrates, and the amount of ore/concentrates 
used are important factors determining mercury releases. By the concentration of the ore a significant 
part of the mercury ends up in tailings which are landfilled.  

574. The mercury content of iron ore and concentrates varies considerably.  

575. The content of mercury in concentrates from Kursk Magnetic Anomaly deposits, the main 
source of iron ore in the Russian Federation is reported to be within 0.01-0.1 mg/kg; whereas concen-
trates from the Korshunovsk deposit in Siberia contain 0.02-0.085 mg/kg (Lassen et al., 2004). For an 
assessment of the releases of mercury from pig iron production in the Russian Federation an average 
mercury content in concentrates of 0.06 mg/kg were assumed (Lassen et al., 2004).  

576. The mercury concentration in freshly crushed, non-beneficiated taconite ore, the main iron ore 
mined in the US, from different mining operations in Minnesota ranged in value from 0.0006 up to a 
maximum of 0.032 mg/kg (average values for each operation) (Berndt, 2003). The concentration of 
mercury in the concentrate ranged from 0.001 to 0.016 mg/kg whereas it in the tailings ranged form 
0.001 to 0.040 mg/kg (Berndt, 2003). Compared to the data from the Russian Federation the mercury 
content of the tacomite concentrate is approximately ten times lower. 

577. An assessment of all raw materials for the pig iron production in the Russian Federation re-
vealed that 20% of the mercury originated from limestone (with an average content of 0.05 mg 
Hg/kg), 75% from the concentrate (average content of 0.06 mg Hg/kg) and the remaining 5% from 
other raw materials. The resulting emission factor was estimated at 0.04 g per metric tons produced 
pig iron assuming that 99% of the mercury was released to the air. The emission factor is identical to 
the factor used by Pacyna and Pacyna (2000) for the estimates of mercury emission from pig iron pro-
duction in the Russian Federation (Pacyna and Pacyna, 2000).  

578. The EMEP/CORINAIR emission guidebook use a default emission factor for the process 
"Sinter and pelletizing plants" of 0.05 g per metric tons sinter (EMEP/CORINAIR, 2001) 

Table 5-72 Overview of activity rate data and mercury input factor types needed to estimate releases 
from primary ferrous metal production 

Process phase Activity rate data needed Mercury input factor 

Sintering and blast furnace Metric tons of pig-iron produced 
g mercury released/metric ton  

of pig-iron produced 
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5.2.9.4 Examples of mercury in releases and wastes/residues  

579. The total mercury release to the air in Minnesota from iron ore mining and sintering was 342 
kg in 2000 (Berndt, 2003). As mentioned above the mercury concentrations in the concentrate used for 
iron production in Minnesota (USA) ranged from 0.001 to 0.016 mg/kg. The mercury emissions to the 
atmosphere from the operations were correlated with the mercury concentration of the concentrates 
and the releases correspondingly ranged from a value of 1.8 kg per million metric tons pellets pro-
duced at the eastern edge of the mined area to about 17 kg per million metric tons on the western side 
of the district.  (Berndt, 2003).  

580. According to Berndt (2003) it is generally assumed that the mercury that is emitted from 
stacks is predominantly in elemental form. Although this has not been verified at every plant, a study 
conducted at one of the plants in Minnesota indicated that an average of 93.3% of mercury emissions 
were in Hg(0) form, with almost all of the remainder emitted as oxidized mercury, Hg(II) (HTC, 
2000). 70-80% of the oxidized mercury was being collected by the wet scrubber, corresponding to 
about 5% of the total.  

581. Berndt (2003) quote studies (Benner, 2001) that demonstrate that some emission control may 
be obtained by modifying the current practice in Minnesota of recycling the dust from wet scrubbers 
into the indurating furnaces. Benner (2001) found that this dust contains extremely high mercury con-
centrations, and if this material, particularly the fine fraction, was channelled into the waste stream 
(rather than recycled to the indurator), mercury emissions could be reduced. The reported decrease in 
mercury emission by this measure is in the order of magnitude of 10-20%.  

582. In the assessment of mercury releases from pig iron production in the Russian Federation it is 
roughly presumed that 99% of the mercury content of the raw materials is sublimed and potentially 
released to the air by the operations.  

5.2.9.5 Input factors and output distribution factors 

583. 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. 

584. 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 

585. Actual data on mercury levels in the feed materials used, will lead to the best estimates of re-
leases.   

586. For this source sub-category, a simplified approach is used, which sums up the total mercury 
inputs with all feed materials (based on the two examples described above). 

587. Default input factor for pig iron production (sintering and blast furnace): 0.05 g Hg/ metric ton 
of pig iron produced. 
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b) Default mercury output distribution factors 

Table 5-73 Preliminary default output distribution factors for mercury from primary ferrous metal pro-
duction 

Distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 

disposal 

Pig iron production  0.95    0.05 

Notes: The fate of mercury in filter residues has not been investigated in detail; it may vary between countries 
and in principle could include controlled or informal disposal, or re-use in other processes. 

c) Links to other mercury sources estimation 

588. No links suggested. 
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5.3 Production of other minerals and materials with mercury 
impurities 

Table 5-74 Production of other minerals and materials with mercury impurities: sub-categories with 
primary pathways of releases of mercury and recommended inventory approach 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.3.1 Cement production X  x x x PS 

5.3.2 Pulp and paper production X x x  x PS 

5.3.3 Lime production and light weight 
aggregate kilns X   x  PS 

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. 

589. Besides the source sub-categories mentioned in table 5-74 above, production and use of other 
large volumen minerals and materials, such as for example mineral fertilisers, may be potential 
sources of mercury releases. Such other sources are, however, not described in detail in the Toolkit.  

5.3.1 Cement production 
5.3.1.1 Sub-category description  

590. The raw materials used for the production of cement contains trace concentrations of mercury. 
The origin of this mercury is mercury naturally present in virgin raw materials used (lime, coal, oil 
etc.), in mercury content in solid residues from other sectors (e.g. fly-ashes and gypsum from combus-
tion of coal) in which mercury content may be elevated compared to virgin materials, and in wastes 
sometimes used as fuels in cement manufacturing.  The use of waste products as feed materials may 
significantly increase the total input of mercury to the cement production. The primary output paths of 
mercury fed in with raw materials is releases to the atmosphere, and trace mercury levels in the pro-
duced cement. This source sub-category is a potential mercury release source of the type involving 
materials with very low mercury concentrations, but in very large amounts. 

Processes involved 

591. The principal raw materials (clay and limestone) are first acquired from quarry operations. 
The raw materials are brought to site, are then mixed, crushed and ground to produce a raw meal of the 
correct particle size and chemical properties. There are four main process types for the manufacture of 
cement: the dry, semi-dry, semi-wet and wet processes (UNEP, 2003). In the dry process, the raw ma-
terials are ground and dried to raw meal, which is fed to the pre-heater or pre-calciner kiln (or more 
rarely into a long dry kiln). The dry process requires about 40% less energy than the wet process. In 
the wet process, the raw materials are ground in water to form a pumpable slurry, which is fed directly 
into the kiln or first into a slurry dryer (UNEP, 2003).  

592. Pyroprocessing (thermal treatment) of the raw material is carried out in the kiln, which is the 
heart of the Portland cement manufacturing process (US EPA, 1997a). The pyroprocessing system 
involves two or three steps: 1) drying or preheating (which is included in processing systems/types 
that utilize such a drying or pre-heating step); 2) calcination (a heating process in which calcium oxide 
is formed), and; 3) burning (sintering). 
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593. After the drying or preheating step, if used, the actual cement manufacture begins with the 
calcination step, which is the decomposition of calcium carbonate (CaCO3) at about 900 °C to leave 
calcium oxide (CaO, lime) and carbon dioxide (CO2). After calcination, the sintering step occurs, 
whereby lime reacts at temperatures typically around 1,400-1,500 °C with silica, alumina, and ferrous 
oxide to form silicates, aluminates, and ferrites of calcium (also known as the “clinker”). The last stage 
involves cooling the clinker. As the hot clinker comes off the kiln it is rapidly cooled in a clinker 
cooler, such as on a travelling grate with under-grate fans that blow cool air through the clinker. 

594. Finally, the cooled clinker is around or milled together with gypsum (CaSO4) and into a fine 
powder and mixed with other additives to produce the final cement product, which is stored in silos 
prior to bulk transportation or bagging. 

5.3.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-75 Main releases and receiving media from cement production 

Process/stage Air Water Land Products General 
waste *1 

Sector specific 
treatment/ 
disposal *1 

Raw material produc-
tion/handling       

Cement production  
(clinker formation) X   x  x 

Disposal of cement 
(as buildings or demolition 
wastes) 

  x  x x 

Notes:      *1  Demolition waste may be disposed of on general waste landfills or re-used in road construction  
     and similar works.  
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. 

595. Important factors for mercury releases could include: the amount of raw materials processed, 
mercury concentration in the raw materials, amount of clinker and cement produced, amounts and 
types of fuel burned, and concentrations of mercury in each of the fuels burned at the facility. 

596. The only potential release pathway of mercury from raw material acquisition would be due to 
wind blown mercury-containing particulate from the quarry operations. Mercury emissions are ex-
pected to be negligible from these initial steps in Portland cement production (US EPA, 1997a). As 
described above, the raw material processing differs somewhat for wet- and dry-processes. Mercury 
emissions can occur during the drying process but are anticipated to be very low because the drying 
temperature is generally well below the boiling point of mercury. However, some dryers attain a tem-
perature above the boiling point of mercury, which would result in emissions. 

597. Because mercury evaporates at approximately 350 ºC most of the mercury present in the raw 
materials can be expected to be volatilized during the calcination step which occurs in the kiln (US 
EPA, 1997a). However, as mentioned above, some mercury may also be released during the drying 
and preheating steps. Processing steps that occur after the calcining process in the kiln would be ex-
pected to be a much smaller source of emissions (US EPA, 1997a). 

598. Various fuels are burned at cement plants to generate heat for the kiln process. Typical fuels 
used are coal, oil, gas or petroleum coke. Mercury is present in these fuels and is released during com-
bustion. In many cases a variety of waste fuels are also used to supplement the fossil fuel. The wastes 
used may include: waste oils, solvents, certain industrial wastes, and in some cases hazardous wastes. 
Mercury may also be present in these waste fuels. Most of these will be fired at the burner (hot) end of 
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the kiln. Tires are often used and may be added to the kiln some distance from the hot end as whole 
tires or chipped (UNEP, 2003). 

599. The mercury present in raw materials fed to the kiln and in the fuels is mixed up in the kiln. 
Note that some raw materials e.g. gypsum are mixed with the clinker after the thermal step and the 
mercury in these raw materials consequently ends up in the final product.  

5.3.1.3 Discussion of mercury inputs 

Table 5-76 Overview of activity rate data and mercury input factor types needed to estimate releases 
from cement production 

Life-cycle phase Activity rate data needed Mercury input factor 

Cement production Metric tons of cement  
produced per year 

g mercury/metric ton in each of 
the feed materials 

 

600. Calcium, which is the element of highest concentration in Portland cement, is obtained from a 
variety of calcareous raw materials, including limestone, chalk, marl, sea shells, aragonite, and an im-
pure limestone known as "natural cement rock". The other raw materials, silicon, aluminum, and iron, 
are obtained from ores and minerals, such as sand, shale, clay, and iron ore. Mercury is expected to be 
present in the ores and minerals extracted from the earth. In some countries in addition waste products 
like fly ash (e.g. from coal power plants), copper slag, pyrite ashes and blast furnace slag are used as 
raw materials.  

601. As described above, mercury is also present in fuels and combustible wastes (e.g. tires) burned 
at these plants. See chapters 5.1 and 5.8 for information on mercury concentrations in these fuels and 
wastes. 

602. The table below shows examples of mercury content of raw materials for cement production 
from a number of countries.  

Table 5-77 Mercury content of raw materials for cement production from North American, Japanese, 
Swiss, German, Russian, Belarusian and Danish studies 

Raw material mercury content, mg/kg dry weight 
Source Limestone or 

marl 
Sand and 
siltstone 

Clay or 
shale Waste products Raw meal 

Schäfer and Hoenig, 2001 
(Germany) *1 

    0.03-0.13 

Sprung, 1982 (Germany) 
*1 

0.03  0.45   

Schneider and Oerter, 
2000 (Germany) *1 

0.005-0.13  0.02-0.15  0.02-0.5 

Adriano, 2001 *1 0.04-0.22  0.005-3.25 0.04 and 0.1  
(fly ash) 

 

Kanare, 1999 (USA) *1 <0.01-0.03     

Klemm, 1993 *1     <0.1 and 0.14 

Kirchartz, 1994  
(Germany) *1 

0.005-0.05  0.02-0.15  >1.0 (when 
alternative 

materials are 
used) 

Fukuzaki et al., 1986 0.12  0.013 0.17  
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Raw material mercury content, mg/kg dry weight 
Source Limestone or 

marl 
Sand and 
siltstone 

Clay or 
shale Waste products Raw meal 

(Japan) *1 (copper slag) 

Airey, 1982 *1 0.04 and 0.46     

Bowen, 1979 *1 0.16     

BUWAL, 1997  
(Switzerland) *1 0.03 and 0.02  0.45  0.02-0.6 

Kitamura et al., 1976 
(Japan)*1 0.01-0.22     

Fujinuki, 1979 (Japan) *1 0.07 and 0.04     

Saupe, 1972 *1 0.033 and 
0.048     

Russia, 2003 *2 
0.031 (average 

of 131  
samples) 

0.039  
(average of 
45 samples) 

0.035 mg/kg 
(average of 
58 samples) 

  

Denmark, 2002 *3 0.01   0.13-0.39 
(fly ash)  

Kakareka et al., 1998  
(CIS countries) *4 <0.01-0.17   

0.19-4.0 
(pyrite ash) 
0.01-0.12 

(blast-furnace slag) 

 

Notes: *1  As cited by Johansen and Hawkins (2003);  *2 Lassen et al., 2004; 
*3  Skårup et al., 2003;       *4 Kakareka et al., 1998. 

603. The contribution of the raw materials and fuels to the total mercury input varies considerably 
depending on materials and fuels uses. As indicated by the data in the table above, the use of waste 
products like fly ash or pyrite ash may significantly increase the total input of mercury.  

604. Complete mass balances of mercury in cement production are scarce. Below is as an example 
showing the different raw materials' contributions to total mercury inputs to two Belarusian cement 
plants. 

Table 5-78 Mercury content of raw materials for cement production in two Belarusian cement plants 
(Kakareka et al., 1998) 

Krichevcementnoshiver Amalgamation Krasnoselskcement JSC 

 Mercury  
concentration 

mg/kg dry weight 

Contribution 
of total input, 

% 

Mercury  
concentration 

mg/kg dry weight 

Contribution 
of total input, 

% 

Chalk 0.05 *1 38.9 0.05 30.5 

Clay 0.1 11.2 0.066 12.7 

Pyrite cinders 2.16 49.6 2.043 55.9 

Granulated blast furnace slag 0.012 0.1 0.01 0.5 

Gypsum stone 0.013 0.2 0.014 0.4 

Residual oil - - - - 

Lignosulphate - - - - 

Total  100  100 

Notes: *1 Estimated from the reported total contribution by chalk. 
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5.3.1.4 Examples of mercury in releases and wastes/residues 

605. The principal output path of mercury to the air is expected to be the kiln. Negligible quantities 
of emissions would be expected in the raw material processing and mixing steps.  

606. In general only a minor part of the mercury ends up in the clinkers. The remaining part leaves 
the kiln with the dust and exhaust gas. Mercury is easily volatilized and condenses at relatively low 
temperature (120-150° C) on raw material particles in the kiln system (Cembureau, 1999). 

607. Depending on the applied flue gas cleaning technology a part of the mercury is captured by 
dust removal systems e.g. fabric filters and ESPs. The efficiency of mercury capture is depending on 
the actual filters used and the temperature by the inlet to the filter. The lower the exhaust gas tempera-
ture is at the filter inlet, the higher is the proportion of mercury attached to dust particles that can be 
removed from the exhaust gas (Cembureau, 1999). Information in the mercury removal efficiency of 
the different emission reduction systems applied in cement plants is scarce, but compared to other 
heavy metals the efficiency of the systems on mercury is relatively low. 

608. In the United States and Canada the kiln emissions are reduced with either fabric filters (FFs) 
or ESPs, but only limited information is available on the efficiency of these devices with respect to the 
mercury removal. One source indicates (US EPA, 1993 referred in Pirrone et al., 2001) that ESPs cap-
ture about 25% and FFs capture up to 50% of the potential mercury emissions as particulate matter. In 
general, it can be expected that the mercury removal efficiency in kilns will be comparable with the 
efficiency of the mercury removal by the same devices employed in power plants described in section 
5.1.1.  Note, however, that the captured dust may be mixed with the raw materials and recycled into 
the kiln. When the dust is recycled a major part of most heavy metals finally end up in the clinker, but 
for mercury, which is relatively volatile, the result of the recycling may be that an increased part of the 
mercury ultimately is emitted to the air (VDZ, 2001). 

609. Based on review and analyses of available data in the USA for mercury emissions to air for 
cement plants, the US EPA developed an average atmospheric emissions factor of 0.65 g mercury per 
metric tons of clinker produced (US EPA, 1997a). Based on data reported to the TRI for year 2001, it 
appears that most mercury releases occur to air, and to land on-site (US EPA, 2003a). Releases to 
other media appear to be minimal based on data reported to the TRI. 

610. The EMEP/CORINAIR emission guidebook recommends for a "simpler methodology" (where 
limited information is available) an atmospheric mercury emission factor of 0.1 g/metric ton cement 
produced (EMEP/CORINAIR, 2001). No emission factors have been developed for "a detailed meth-
odology".  

611. In a study of mercury releases from the Russian Federation an average emission factor of 
0.045 g/metric ton cement produced was derived from information on mercury in raw materials and an 
assumption that on average 80% of the mercury in the raw materials was emitted to the air (Lassen et 
al., 2004).  

612. In a response from the European Cement Association to the calculated mercury emission from 
cement production in Europe in the EU position paper on mercury (Pirrone et al, 2001), the associa-
tion estimates atmospheric mercury emission from four European countries based on actual measure-
ments in Austria (1996), Germany (1998), United Kingdom (1999) and Spain (2000). Based on the 
presented data the following average atmospheric emission factors can be derived: 0.07 g/metric ton 
cement produced (Austria), 0.2 g/metric ton (Germany), 0.05 g/metric ton (United Kingdom) and 0.1 
g/metric ton (Spain).  

613. In general, only a minor part of the mercury ends up in the clinker. The mercury content of the 
final cement will to a large extent depend on the mercury content of the other materials which is mixed 
with the clinker after the pyroprocessing steps.  
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614. The mercury concentration of gypsum produced from acid flue gas cleaning residues, e.g. 
from coal-fired power plants, may significantly exceed the mercury concentration of natural gypsum. 
If gypsum from acid flue gas cleaning is used for the cement production it may significantly increase 
the mercury content of the final cement product. 

615. From a German MSW incinerator it is reported that the mercury concentration of gypsum 
from the acid flue gas treatment of the plant in the 2000-2003 period ranged from 0.26 to 0.53 mg/kg 
(annual averages). The concentration in the incinerator gypsum is in the report compared to the typical 
mercury concentration of naturally occurring gypsum and gypsum from coal-fired power plants of 
0.09 mg/kg and 1.3 mg/kg, respectively (with reference to Beckert et al., 1990). 

616. The average mercury concentration of 418 samples of cement produced in Germany in 1999 
was 0.07 mg/kg (VDZ, 2000). The concentration ranged from <0.02 mg/kg (detection limit) to 0.3 
mg/kg. The total mercury content of the 36.7 million metric tons cement produced in Germany in 1999 
can be estimated at 2.6 metric ton; significantly more than the 0.72 metric tons mercury emitted to the 
air from the production estimated by the European Cement Association (included in Pirrone et al., 
2001). Considering that the mercury concentration in clinkers (the unprocessed output from the kiln) is 
usually very low, the mercury apparently originates from the other materials mixed into the final ce-
ment product - for example solid residues from other sectors.  

617. The average mercury content of cement produced in Denmark in 2001 was estimated at 0.02-
0.05 mg/kg (Skårup et al., 2003).   

5.3.1.5 Input factors and output distribution factors 

618. 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. 

619. 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  

620. A general default input factor cannot be defined due to lack of data. 

b) Default mercury output distribution factors  

621. Correlated default output distribution factors (as generally recommended in this Toolkit) can-
not be defined for this source category. 

622. For atmospheric releases, a set of traditional atmospheric emission factor has been selected 
instead - based on data in this section - to enable default estimation of mercury releases to the atmos-
phere. 

623. For mercury content in the cement product, similar simple factors have been selected based on 
the information provided in this section. If no specific data are available, these factors can be used for 
default estimation of mercury amounts in produced and consumed cement. 

624. For disposed production residues, if any, no default factors can be established due to lack of 
data. 

625. Because available data 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 
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end estimate for the mercury input to the source category (but not the absolute minimum), and the high 
end factor was set to indicate a high end estimate (but not the absolute maximum). 

Table 5-79 Preliminary default release factors for mercury from cement production 

Output 
Default factors 

(low end - high end) 

Atmospheric emission factor 0.1 - 6 g Hg/metric ton of cement produced 

Mercury content in produced cement 0.02 - 0.1 g Hg/metric ton of cement 
 

c) Links to other mercury sources estimation 

626. Other sub-categories that are relevant to cement manufacturing include: fossil fuel combus-
tion, waste incineration, lime production, and possibly others. 

5.3.1.6 Source specific main data 

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

• Measured data on the mercury concentrations in various types of raw materials and fuel used at 
the source; 

• Amount of each type of raw material and fuel used;  

• Amount of clinker produced; and 

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

5.3.2 Pulp and paper production 
5.3.2.1 Sub-category description 

628. In the pulp and paper industry, wood pulp is produced from raw wood via chemical or me-
chanical means or a combination of both. The source of input mercury is trace levels of mercury in the 
wood raw material, in fuels used for energy production, and - most likely - in the chemicals applied in 
the processes (NaOH, chloride, and possibly other). Earlier, the use of mercury-containing slimicides 
contributed to mercury releases from pulp and paper production in the West. This use may have ceased 
or been reduced in the West, but may perhaps continue in other parts of the world. Atmospheric emis-
sions from combustion processes, involving fossil fuels, bark and other wood wastes, and carbon con-
taining process liquids (for chemicals recycling and energy production), disposal of solid wastes and 
aqueous releases from the processes are among the output pathways of mercury from pulp- and paper 
manufacture. This source sub-category is a potential mercury release source of the type involving ma-
terials with very low mercury concentrations, but in very large quantities. 

Process summaries 

629. Four principal chemical wood pulping processes currently in use are (1) kraft, (2) soda, (3) 
sulfite, and (4) semichemical (US EPA, 1997a). In the kraft pulping process, wood chips are "cooked" 
under pressure in a digester in an aqueous solution of sodium hydroxide (NaOH) and sodium sulfide 
(Na S), referred to as "cooking liquor," or "white liquor." Various processes (not described here) take 
place and a washed pulp is produced. The washed pulp may enter a bleaching sequence, before being 
pressed and dried to yield the finished product. Some of the mercury that is present in the wood chips 
will also be present in the finished product, and the rest will be present in the spent cooking liquor. 
The levels of mercury in the product and in the liquor are expected to be relatively low because the 
levels of mercury in the wood chips are relatively low. The amount of mercury that is present in the 
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wood chips is expected to vary somewhat from mill to mill based on the origin of the wood that the 
mills process. Emissions of mercury are associated with combustion units located in the chemical re-
covery area. The chemical recovery area at a kraft pulp mill includes chemical recovery furnaces, 
smelt dissolving tanks (SDT's), and lime kilns (US EPA, 1997a). 

630. The other chemical pulping processes are similar to the kraft pulping processes but with some 
significant differences. The soda pulping process is essentially the same as the kraft process, except 
that soda pulping is a nonsulfur process (Na2 CO3 is used alone, or a mixture of Na2CO3 and NaOH is 
used), and, therefore, does not require black liquor oxidation to reduce the odorous sulfur emissions 
(US EPA, 1997a).  

631. The sulfite pulping process is also carried out in a manner similar to the kraft process, except 
that an acid cooking liquor is used to cook the wood chips. Similar to kraft pulp mills, the spent liquor 
is recovered at sulfite pulp mills by being burned in a type of combustion unit. Combustion units used 
at sulfite pulp mills include recovery furnaces and fluidized-bed reactors. Typical combustion tem-
peratures for sulfite combustion units are about 704 to 760 ºC. These temperatures are sufficiently 
high to volatilize any mercury present (US EPA, 1997a). 

632. The semichemical pulping process is used to produce for example corrugating medium (the 
inside layer of corrugated containers), or news paper qualities. The semichemical pulping process uses 
a combination of chemical and mechanical pulping methods. Wood chips first are partially softened in 
a digester with chemicals, steam, and heat; once chips are softened, mechanical methods complete the 
pulping process. Three types of chemical pulping methods are currently in use at semichemical mills--
neutral sulfite semichemical (NSSC) (sodium-based sulfite process), kraft green liquor, and nonsulfur 
(Na2CO3 only or a mixture of Na2CO3 and NaOH). Semichemical and kraft pulping processes are co-
located at some mills. At those mills in the USA, the spent liquor from the semichemical pulping 
process is burned in the kraft recovery furnace (US EPA, 1997a).  

633. Some mills use the semichemical pulping process only. Those mills, referred to as "stand-
alone semichemical pulp mills,"use a variety of chemical recovery equipment for combusting the spent 
liquor. Types of chemical recovery equipment used at stand alone semi chemical pulp mills include 
fluidized-bed reactors, recovery furnaces, smelters, rotary liquor kilns, and pyrolysis units. Typical 
combustion temperatures in the recovery furnaces and smelters are similar to those for kraft and soda, 
while typical combustion temperatures in the fluidized-bed reactors and rotary liquor kilns are about 
704 to 760 ºC. Similar to the kraft process, cooking liquor chemicals at semichemical mills are recov-
ered from the chemical recovery combustion equipment as ash or smelt, which is mixed with water in 
a dissolving tank to form green liquor. The green liquor is then combined with makeup chemicals to 
form fresh cooking liquor. A typical temperature at the dissolving tank vent would be 85 ºC, which is 
well below the volatilization temperature for mercury. Therefore, mercury is expected to be in particu-
late form at the dissolving tank vent (US EPA, 1997a). 

5.3.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-80 Main releases and receiving media from pulp and paper production 

Processes Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Production of pulp and paper X x x  x x 

Disposal of paper       

   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. 

634. Mercury can be introduced into the pulping process through the wood which is being pulped, 
in the process water used in the pulping process, and as a contaminant in makeup chemicals added to 
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the process. The mercury concentration in the wood and the other input materials are important factors 
determining releases.  

635. If the mercury is not purged from the process in the wastewater or as dregs, it can accumulate 
in the chemical recovery area and subsequently be emitted from the chemical recovery combustion 
sources. The amount of mercury emitted may depend on how tightly closed the pulping process is 
(such as the degree to which process waters are recycled and reused) (US EPA, 1997a).  

5.3.2.3 Discussion of mercury inputs 

636. Mercury is present in wood and other input materials at various concentrations.  

637. An average 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 combustion in boilers in 
the USA. (US EPA, 1997b). 

638. In investigations in the USA, the mercury content of litter and green vegetation from 7 loca-
tions in the USA ranged from 0.01-0.07 mg Hg/kg dry weight (Friedly et al., 2001).  

639. 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 (Skårup et al., 2003). Swedish investigations 
found mercury concentrations of 0.01-0.02 mg/kg dry weight in fuel wood; however, concentration of 
0.03-0.07 mg/kg dry weight in willow wood was found (Kindbom and Munthe, 1998). In bark, a mer-
cury concentration of 0.04 mg/kg dry weight was found whereas in fir needles the concentrations was 
0.3-0.5 mg/kg dry weight (Kindbom and Munthe, 1998).  

5.3.2.4 Examples of mercury in releases and wastes/residues 

640. In the USA, mercury emissions data are only available from combustion units at kraft pulp 
mills. Detectable mercury emissions data are available for eight recovery furnaces, one smelt dissolv-
ing tank (SDT), and three lime kilns, located at 11 kraft pulp mills. Average mercury emission factors 
were estimated for recovery furnaces, SDT's, and lime kilns based on the available mercury emissions 
data. The average mercury emission factors for these units which include recovery furnaces, SDTs, 
and lime kilns are shown in the table below. 

Table 5-81 Atmospheric emissions factors for various units at pulp and paper mills in USA (US EPA, 
1997a) 

Kraft combustion unit Emissions factor  
(Kg/metric ton) Number of units tested/control device 

Recovery furnace 2 x 10-5  *1 8 recovery furnaces, each controlled with an ESP 

Smelt dissolving tank 2.6 x 10-8  *2 1 SDT, controlled with a mist eliminator 

Lime kiln 1.5 x 10-6  *2 3 lime kilns, each controlled with a wet scrubber 

Notes: *1 – kg Hg emitted per metric tons of black liquor solids fired in the recovery furnace or SDT; 
*2 – kg Hg emitted per metric tons of lime produced in the kiln. 

641. The total annual mercury emissions (for 1994) in the USA (for 153 facilities) was estimated 
using these emission factors for kraft and soda recovery furnaces, SDT's, and lime kilns. The total 
mercury emissions were estimated to be 1.6 metric tons.  Since there are 153 facilities, the average 
emissions are estimated to be about 0.01 metric tons per facility. The single largest source of mercury 
emissions in the chemical recovery area is the recovery furnace (US EPA, 1997a). 

642. Nearly all of the mercury emissions from pulp and paper manufacturing are from kraft and 
soda recovery processes (approximately 99.9%) (US EPA, 1997a). Estimated emissions from all of the 
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facilities were summed together to arrive at the 1996 estimated mercury emissions of 1.7 metric tons 
per year for the USA inventory as a whole. (US EPA, 1997b) 

643. Releases of mercury compounds and mercury by all release paths in the USA in 2002 are 
shown in Table 5.82. The main paths are releases to the air and releases to solid waste disposal. The 
specific mercury compounds are not reported and it is based on the data not possible to estimate a total 
mercury release.  

Table 5-82 Releases of mercury and mercury compounds from kraft and paper production in the USA, 
2002 (TRI, 2004) 

Mercury compounds Mercury (elemental) 
Release path 

kg/year % kg/year % 

Air 2,098 71 319 39 

Surface water 36 1 19 2 

Land treatment and surface impoundments 217 7 20 2 

Off-site waste water treatment 3 0 0 0 

Off-site solid waste disposal 594 20 451 56 

TOTAL (rounded %) 2,948 100 809 100 
 

5.3.2.5 Input factors and output distribution factors 

644. Default factors were not developed for this sector in this version of the Toolkit. For calcula-
tion of rough release estimates of some of the potential mercury output pathways from the sector, use 
the atmospheric emission factors given in table 5-81 [USA factors] above. 

c) Links to other mercury sources estimation 

645. It can be chosen to cover fossil fuel or bio-fuel fired power and heat combustion units located 
at facilities in this sector under combustion processes described in section 5.1; beware of double 
counting. 

5.3.3 Production of lime and light weight aggregates kilns  
5.3.3.1 Sub-category description: Lime Production 

646. This sub-category includes the production of lime in lime kilns (other than the lime produced 
at cement plants and pulp and paper mills, which are described in previous sections of this document) 
and light weight aggregate kilns.  

647. Lime is produced in various forms, with the bulk of production yielding either hydrated lime 
or quicklime. In 1994, 17.4 x 106 metric tons of lime was produced at 109 plants in the USA.  Lime is 
used in steelmaking, pulp and paper manufacturing, and treatment of water, sewage, and smokestack 
emissions (US EPA, 1997a). 

648. Lime is produced by calcining limestone (i.e., removing CO2 from the limestone) at high tem-
perature (US EPA, 1997a). Calcinating, which involves burning calcium carbonate at high tempera-
tures, is the primary process at lime production facilities that release mercury (NESCAUM, 1998). 

649. The product of the calcining operation is quicklime; this material can be hydrated with water 
to produce hydrated lime or slaked lime. The product of calcining dolomite is dolomitic quicklime; it 
also can be hydrated (US EPA, 1997a). 
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650. Lime manufacturing is carried out in five major steps. These are:  1) quarrying raw limestone; 
2) preparing the limestone for calcination;  3) calcining the limestone;  4) processing the lime by hy-
drating; and 5) miscellaneous transfer, storage, and handling processes.  

651. The manufacturing steps in lime production are very similar to that of the dry Portland cement 
process, which was discussed in a previous section of this document. 

652. During calcination, kiln temperature may reach 1820 ºC. About 90% of the lime produced in 
the USA is manufactured by calcining limestone in a rotary kiln. Other types of lime kilns include the 
vertical or shaft kiln, rotary hearth, and fluidized bed kilns (US EPA, 1997a). 

653. Fuel, such as coal, oil, petroleum coke, or natural gas, may be used to provide energy for cal-
cination. Petroleum coke is usually used in combination with coal; oil is rarely used as a fuel source. 
Auxiliary fuels such as chipped rubber and waste solvents may potentially be used as auxiliary fuels 
(US EPA, 1997a). 

654. Mercury is expected to be present in very small quantities in the limestone and in some of the 
fuels. The mercury content in coal and oil and other fuels are discussed in section 5.1.  Similar to the 
production of Portland cement, any mercury present in the raw materials is expected to be released to 
the air from the lime kiln. Combustion of fuel in the lime kiln is a primary source of mercury emis-
sions.  

655. Other emission sources from lime manufacturing can include process emissions or fugitive 
emissions. The primary pollutants resulting from these fugitive sources are PM. US EPA reported in 
1997 that no specific control measures for the lime industry in the USA were reported in the literature 
for the fugitive sources (US EPA, 1997a).  

656. The reduction measures used for fugitive dust sources at Portland cement manufacturing fa-
cilities may also be applicable at lime manufacturing industries. Air pollution control devices for lime 
kilns are primarily used to recover product or control fugitive dust and PM emissions. Calcination kiln 
exhaust is typically routed to a cyclone for product recovery, and then routed through a fabric filter or 
ESP's to collect fine particulate emissions. Other emission controls found at lime kilns include wet 
scrubbers (typically venturi scrubbers). How well these various air pollution control devices perform, 
relative to vapour phase mercury emissions in lime production, is not well documented. The control 
efficiencies are expected to be similar to those observed in the production of Portland cement because 
of the similarities in the process and control devices (US EPA, 1997a). 

657. Mercury emissions from fuel combustion will occur from the lime kiln (calcination). Mercury 
present in the limestone will also be emitted from the kiln. All other potential emission sources in the 
process are expected to be very minor contributors to overall mercury emissions. 

5.3.3.2 Sub-category description: Light weight aggregate kilns 

658. Light weight aggregate kilns process a variety of raw materials (such as clay, shale, or slate) 
which, after thermal processing, can be combined with cement to form concrete products. This light-
weight aggregate concrete is produced for structural purposes or for thermal insulation purposes. A 
light weight aggregate facility is generally composed of a quarry, a raw material preparation area, a 
kiln, a cooler, and a product storage area. The material is obtained and moved from the quarry to the 
raw material preparation area, and then is inserted into the rotary kiln (US EPA, 1997a). 

659. In light weight aggregate kilns, there is a rotary kiln consisting of a long steel cylinder, lined 
internally with refractory bricks, which is capable of rotating about its axis and is inclined at an angle 
of about 5 degrees to the horizontal. The length of the kiln depends in part upon the composition of the 
raw material to be processed, but is usually 30 - 60 meters. The prepared raw material is fed into the 
kiln at the higher end, while firing takes place at the lower end. The dry raw material fed into the kiln 
is initially preheated by hot combustion gases. Once the material is preheated, it passes into a second 
furnace zone where it melts to a semiplastic state and begins to generate gases which serve as the 
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bloating or expanding agent. In this zone, specific compounds begin to decompose and form gases 
such as SO , CO , SO , and O that eventually trigger the desired bloating action within the material. As 
temperatures reach their maximum (approximately 1150 ºC), the semiplastic raw material becomes 
viscous and entraps the expanding gases. This bloating action produces small, unconnected gas cells, 
which remain in the material after it cools and solidifies. The product exits the kiln and enters a sec-
tion of the process where it is cooled with cold air and then conveyed to the discharge (US EPA, 
1997a). 

660. Kiln operating parameters such as flame temperature, excess air, feed size, material flow, and 
speed of rotation vary from plant to plant and are determined by the characteristics of the raw material. 
Maximum temperature in the rotary kiln varies from about 1120 - 1260 ºC, depending on the type of 
raw material being processed and its moisture content. Typical exit temperatures may range from 
about 427 - 650 ºC, again depending on the raw material and on the kiln's internal design. Approxi-
mately 50 to 200% excess air is forced into the kiln to aid in expanding the raw material (US EPA, 
1997a). 

661. The principal source of mercury emissions from lightweight aggregate kilns is the flue gas 
(combustion gas) exhaust stack. 

662. Light weight aggregate kilns may use one or a combination of air pollution control devices, 
including fabric filters, venturi scrubbers, cyclones and dry scrubbers. All of the facilities in the USA 
utilize fabric filters as the main type of emissions control, although a spray dryer, venturi scrubber and 
dry scrubber may be used in addition to a fabric filter (US EPA, 1997a).  These control devices may 
capture some of the mercury in the gas stream and therefore reduce emissions to air. 

5.3.3.3 Main factors determining mercury releases and mercury outputs 

Table 5-83 Main releases and receiving media from production and processing of other raw materials 

Phase of life cycle Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Production 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. 

663. The main factors determining releases will be the mercury concentrations in the raw materials 
used and the release control measures in place.  

5.3.3.4 Discussion of mercury inputs 

Table 5-84 Overview of activity rate data and mercury input factor types needed to estimate releases 
from lime production 

Life-cycle phase Activity rate data needed Mercury input factor 

Production Amounts of used feed materials Mercury concentrations  
in the used feed materials 

 

664. Mercury is present in the limestone that is processed to make lime (NESCAUM, 1998). 
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5.3.3.5 Examples of mercury in releases and wastes/residues 

665. An atmospheric emissions factor of 0.055 g of mercury per metric ton of lime output was cal-
culated for lime kiln using a mass balance approach based on information about mercury content in 
limestone from 5 lime kilns in Wisconsin (Miller, 1993, as cited in NESCAUM, 1998). This emissions 
factor was used by NESCAUM (1998) to estimate releases to air of 15 kg per year from 1 lime pro-
duction facility in Massachusetts, USA. 

666. There were 109 lime production plants in the USA in 1994 (US EPA, 1997a).  Based on data 
from the US EPA, these 109 plants released a total of 37.8 metric tons mercury to soils, 0.1 metric 
tons mercury to air, and less than 0.05 metric tons to water.  The largest emitting lime plant in the 
USA reported releases of 37500 kg to land and about 1 kg to air (US EPA, 2003a, TRI releases data 
for year 2001). 

667. Data are available for two facilities in the USA and one in Canada (US EPA, 1997a).  At the 
Canadian facility, two different kilns were tested; one was a coal/coke-fired rotary kiln and the other 
was a natural gas-fired vertical kiln. For the coal/coke-fired rotary kiln, the results from the tests 
showed an average mercury emission factor of 9 milligrams (mg) of mercury per metric ton of lime 
produced (or 9 mg Hg/metric tons lime produced); the emission factors ranged from 8 mg to 10 mg 
Hg/metric tons of lime produced over the four test runs. For the natural gas-fired vertical kiln, the re-
sults showed an average mercury emission factor of 1.5 mg Hg/metric tons of lime produced. Process 
data from the tests at the Canadian facility were used to calculate the quantity of limestone fed re-
quired to produce 0.91 metric tons of lime. Based on process data for the rotary kiln, the average ratio 
of limestone feed to lime produced was 0.50 (i.e., 2 tons of limestone are required to produce 1 ton of 
lime). The average ratio for the vertical kiln was calculated to be 0.51. The results of the tests for one 
of the USA facilities showed an average mercury emission factor of 1.9 mg Hg/metric tons of lime-
stone feed. Based on the 2:1 limestone feed to lime produced ratio, this corresponds to an emission 
factor of 3.8 mg Hg/metric tons of lime produced. At the other facility, the results showed an average 
mercury emission factor of 4.7 mg/metric tons of limestone feed. Using the 2:1 conversion ratio, this 
corresponds to a mercury emission factor of 9.4 mg Hg/metric tons of lime produced (US EPA, 
1997a).  

668. The average atmospheric mercury emission factors for the coal-fired rotary kilns from the one 
Canadian facility and the two U. S. facilities were combined and showed an overall average atmos-
pheric mercury emission factor of 7.4 mg Hg/metric tons of lime produced (US EPA, 1997a). 

5.3.3.6 Input factors and output distribution factors 

669. No attempts were made to establish default factors for this sub-category. 

5.3.4 Others minerals and materials 
670. Other potential mercury sources may exist. Include any data observed on such sources in the 
inventory. No attempts were made to describe any such sources in this Toolkit report. 
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5.4 Intentional use of mercury in industrial processes 

Table 5-85 Intentional use of mercury in industrial processes:  sub-categories with primary pathways of 
releases of mercury and recommended inventory approach 

Chapter Sub-categories  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.4.1 Chlor-alkali production with mer-
cury-technology X X X X X PS 

5.4.2 
VCM (vinyl-chloride-monomer) 
production with mercury-dichloride 
(HgCl2) as catalyst 

x x   X PS 

5.4.3 Acetaldehyde production with mer-
cury-sulphate (HgSO4) as catalyst ? ? ? ? ? PS 

5.4.4 
Other production of chemicals and 
polymers with mercury compounds 
as catalysts 

? ? ? ? ? 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.; 
? -  Releases may occur, but no data are available on this aspect. 

5.4.1 Chlor-alkali production with mercury-technology 
5.4.1.1 Sub-category description 

671. At a mercury cell chlor-alkali facility, elemental mercury is used as a fluid electrode in an 
electrolytic processes used for production of chlorine and sodium hydroxide (NaOH) or potassium 
hydroxide (KOH) from salt brine (the electrolysis splits the salt, NaCl). Hydrogen is also made as a 
by-product. The process is sometimes referred to as the "mercury cell" process. Note that two other 
(non-mercury) methods are also used widely: the membrane process and the diaphragm process. The 
share of national production capacity based on the mercury-cell process varies between countries, and 
is generally decreasing in many countries. In many countries the industry has committed themselves to 
not base new chlor-alkali facilities on the mercury-cell process and in some countries/regions conver-
sion/shut-down of mercury-cell facilities are planned. 

672. Mercury is released to the environment with air emissions, water releases, in solid wastes and 
to a minor degree in products (such as NaOH). 

Processes involved 

673. Each mercury cell production loop includes an elongated electrolyzor cell, a decomposer, a 
mercury pump, piping, and connections to other systems (Anscomb, 2004). The electrolyser produces 
chlorine gas, and the decomposer produces hydrogen gas and caustic solution (NaOH or KOH). The 
electrolyser is usually an elongated steel trough enclosed by side panels and a top cover. A typical 
electrolyser holds about 3,600 Kg mercury. The decomposer is a cylindrical vessel located at the outlet 
of the electrolyser. The electrolyser and decomposer are typically linked by an inlet end box and an 
outlet end box. Brine and a shallow stream of liquid elemental mercury flow continuously between the 
electrolyser and the decomposer. While each cell is an independent production unit, numerous cells 
are connected electrically in series. A plant usually has many cells.  For example, in the USA each 
plant has from 24 to 116 cells, with an average of 56 (US EPA 2002b). Many metric tons of mercury 
may be in use at a facility. For comprehensive descriptions of processes, releases etc. see for example 
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the EC Reference Document on Best Available Techniques in the Chlor-Alkali Manufacturing indus-
try (European Commission, 2001b).  

674. In the electrolyser, an electric current is applied that causes a separation of chlorine gas from 
salt (sodiumchloride brine), and the sodium (or sometimes potassium) binds with mercury to form an 
amalgam (Na-Hg or K-Hg amalgam).  The chlorine gas is collected and the mercury amalgam exits 
via the outlet end box and enters the decomposer. In the decomposer, the amalgam (Na-Hg or K-Hg) 
is converted, through another electrolytic reaction, to caustic (NaOH or KOH), hydrogen gas, and 
elemental mercury.  The caustic and hydrogen are transferred to other equipment, and the mercury is 
pumped back into the inlet end of the cell. 

5.4.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-86 Main releases and receiving media from chlor-alkali production with mercury-technology 

Phase of life cycle Air Water Land Product 
*3 

General 
waste 

*2 

Sector specific 
treatment/ 
disposal *1 

Mercury cell chlor-alkali production X X X X  X X 
Notes:  *1 May include treatment to recover mercury, safe landfilling as hazardous waste. On-site and  

    off-site dumping is considered here as direct releases to land; 
*2  Only in cases where production waste is disposed of at general waste landfill; 
 *3 Significant amounts of mercury can be lost to the caustic product. For example, in a  
      comprehensive review of the chlor-alkali industry in India, the Center for Science and Envi-      
      ronment reports that 10.6% of the mercury lost via production will be found in the products  
      (or 15.5 grams/ton of caustic soda produced).  Most of this mercury (10 grams/ton of caus- 
      tic soda produced) is in the caustic soda product, but a large amount (5.25 g/ton of caustic  
      produced) is in the hydrogen product as well.  Since Indias plants lose so much mercury,  
      this product loss is significant in both an absolute and relative sense (CSE, 2002, as cited in 
      NRDC comments to UNEP Chemicals, 2005);  
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. 

675. Mercury is released to the environment with air emissions, water releases, in solid wastes and 
in products (such as NaOH). These releases can occur at various stages and locations of the process.  
The degree of release to each media (air, water, land), from various stages and release points in the 
process, is highly dependent on level of controls present, workplace/management practices, waste 
treatment/disposal procedures, and other factors. 

676. Most mercury releases occur as fugitive emissions from the cell room and other locations.  
Preventive measures and good management practices can significantly reduce these fugitive emissions 
(UNEP, 2002). The primary specific points of mercury outlets to air are the end box ventilation system 
and the hydrogen gas vent.  Several control techniques may be employed to reduce mercury levels in 
the hydrogen streams and in the end box ventilation systems. The most common techniques are (1) gas 
stream cooling, (2) mist eliminators, (3) scrubbers, and (4) adsorption on activated carbon or molecu-
lar sieves. Gas stream cooling may be used as the main mercury control technique or as a preliminary 
step to be followed by a more efficient control device. The proper use of these devices can remove 
more than 90% of the mercury from the gas streams (Pacyna and Pacyna, 2000). Each of the important 
processes and/or locations where releases may occur are discussed below. 

677. End-box Ventilation.  An end box ventilation system is used at many plants to vent the air 
from the end boxes, and sometimes other equipment as well. The concentration of mercury in end-box 
ventilation systems before any steps are taken to remove mercury varies greatly depending on the va-
cated equipment. The collected gases are most often cooled and then treated with control equipment.  
However, some mercury remains in the treated stream leaving the end-box ventilation system and is 
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released to air (US EPA 1997a).  The extent of releases from this system is highly dependent on the 
type of controls used. 

678. Hydrogen Stream.  Hydrogen gas exiting the decomposer contains high concentrations of 
mercury vapour (as high as 3,500 mg/m3). In most situations, each decomposer is equipped with an 
adjacent cooler through which the hydrogen gas stream is routed to condense mercury and return it to 
the mercury cell. After initial cooling, the hydrogen gas from each decomposer is collected into a 
common header. Additional mercury is removed from the combined gas by additional cooling and ad-
sorption (or absorption) control equipment. However, some mercury remains in the treated stream, 
which is vented to the atmosphere (or in some cases burned as fuel in a boiler or transferred to another 
process as a raw material). 

679. Fugitive Air Emissions: Humans cannot smell or see mercury vapour (under normal light-
ing).  Mercury vapour can be detected by commercially available vapour analyzers. In addition, when 
liquid elemental mercury is visibly accessible to open air, it will give off some vapour, at rates de-
pending on temperature and other factors. Therefore, visual inspection for visible mercury is one ef-
fective work practice for curtailing air emissions.   However, mercury vapour can also be generated 
from leaks in pressurized equipment, maintenance work and dysfunction, absent of any visual appear-
ance of liquid mercury.  Thus, another work practice is visual inspection for vapour leaks from pro-
duction equipment by means of ultra-violet spectrum lights.  When vapour leaks are identified, work-
ers can take remedial steps to plug them. Some other methods of reducing potential fugitive air emis-
sions include cleanup of freestanding liquid mercury and air tight enclosure of mercury containing 
wastes.    

680. There are no known studies of non-stack cell-room air emissions over a fully representative, 
continuous operational period, including the full range of periodic invasive maintenance actions and 
potential equipment dysfunctions. It should be noted that cell-room emissions must be estimated by 
measuring mercury vapour above production equipment, within the thermal air current arising from 
warm production equipment, to give representative results.  

681. Detailed operational methods for prevention of fugitive air emissions have been voluntarily 
developed by US chlor-alkali firms. Their procedures are available at 
http://www.usepa.gov/Region5/air/mercury/hgcontrolguidance-final.pdf .  These procedures are of 
potential value to factories in any nation.   

682. Solid Wastes.  Various solid wastes are produced that are contaminated with mercury. The 
safety level of the management of solid wastes varies and may include treatment on-site with mercury 
recovery processes, use of hazardous waste landfills, or disposal on-site or at general waste landfills.  
Some of the solid wastes generated include: waste water treatment sludge (described below), and vari-
ous non-specific wastes including graphite from decomposers, cell room sump sludges, and spent car-
bon adsorption devices.  Also, various larger contaminated waste items are disposed of including hard-
ware, protective gear, piping, and equipment. 

683. Some mercury in the solid wastes may be recovered and recycled to the production process – 
often as an on-site integrated part of the production facility. For example, in the USA, 9 (out of 12) 
mercury cell chloralkali plants have mercury recovery processes on-site. The most common type is 
thermal recovery (retorting), where mercury-containing wastes are heated to volatilise the mercury 
which is then condensed, recovered and then used again as input into the mercury cell process (US 
EPA, 2002b). However, not all of the mercury is captured through this process.  Some mercury is re-
leased to the air through the off-gas vent.  Other plants use a chemical process or a batch purification 
process (US EPA, 2002b). Moreover, plants in some other countries and regions may not utilize such 
solid waste treatment.  In these cases, releases from solid wastes could be significant. 

684. In addition, some solid wastes (containing mercury) are generated from the mercury recovery 
processes.  For example, the retorting process produces retort ash, which generally contains low levels 
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of mercury. Other recovery processes also generate some solid wastes such as a chemical process in 
which mercuric sulfide and elemental mercury are transformed to mercuric chloride (US EPA, 2002b). 

685. Mercury in Products.  The caustic product contains low levels of mercury in the form mercu-
ric chloride, which has relatively low vapour pressure.  Therefore emissions to air are minimal. The 
concentration of mercury in the caustic stream leaving the decomposer ranges from about 3 to 15 ppm 
(these values may reflect the situation in the USA). Mercury is removed by cooling and filtration. 
Some mercury-containing waste water is produced from this process, which is typically subject to ap-
propriate waste water treatment. Residual mercury contained in the caustic product is probably typi-
cally low.  For example, in the USA caustic products usually have levels about 0.06 ppm (US EPA, 
2002b).  About 2.26 metric tons of 50% caustic soda is produced for every ton of chlorine produced 
(Eurochlor, 1998).  The chlorine gas product typically has levels less than 0.03 ppm. 

686. Although mercury is released as a contaminant in products, the levels appear to be low in the 
US based on available data (US EPA, 1997b).  However, the levels in these products could perhaps be 
higher in some other countries if similar purification and cleaning steps are not employed.  The quan-
tity of mercury lost in these products can be estimated by multiplying the amount of product produced 
times the estimated mercury concentration in the product. 

687. Waste Water.  Mercury cell chlor-alkali plants generate a variety of aqueous waste streams 
that contain mercury and are often treated in a wastewater treatment system. These wastewaters origi-
nate from a variety of sources, ranging from wastewaters produced from cell room washdowns and 
cleanup activities to liquids or slurries produced from purged brine and backwash water from the fil-
tration equipment used for caustic purification (US EPA, 2002b). In the USA, by way of example, 
most plants use a process that converts the mercury in the wastes to mercuric sulfide, which has a very 
low vapour pressure.  The mercuric sulfide is removed from the waste water through precipitation and 
filtration.  The end result is a sludge that is predominantly mercuric sulfide filter cake.  In the USA 
this sludge must be treated according to hazardous waste regulations which minimize releases.  If a 
particular plant does not utilize an effective waste water and sludge treatment process, mercury re-
leases through waste water may perhaps be significant.  

688. Retorts.  In the USA, 3 mercury recovery units employ oven retorts.  The best performing unit 
treats the off gases with a wet scrubber and condenser followed by a carbon adsorber.  Based on 134 
tests conducted at this facility of mercury levels in the final emitted gas, the 3 highest values were 
20.4, 22.1, and 26.4 mg/m3 (US EPA, 2002b). Two plants in the USA utilize rotary kiln retorts.  Data 
from one of these plants shows mercury concentrations in air emissions of 1.4 mg/m3 to 6.0 mg/m3, 
with an average of 2.8 mg/m3 from these retorts. One plant in the USA utilizes a hearth retort.  The 
concentrations range from 0.2 to 10.8 mg/m3, with a mean of 1.6 mg/m3 for this unit (US EPA, 
2002b). 
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Table 5-87 Overview of processes, equipment or activities at chlor-alkali plants where significant re-
leases of mercury can occur, and potential receiving media 

Release source  
(process, equipment, or activity)   *1 Air Water Land Product 

Source 
Specific 
Wastes 

Hydrogen stream X x  x x 

End box ventilation air X    x 

Cell room ventilation air  X    x 

Fugitive releases, especially from cell room  X  x  x 

Mercury recovery unit X    X 

Waste water (from cell room cleaning, brine system, caustic 
purification and other activities) X  x  X 

Solid wastes and sludges from waste water treatment X  X X X 

Chlor gas, NaOH, KOH products sold    X  
Notes: *1 The extent and type of releases for each of these processes, equipment, or activities depends  

 on the degree of controls used, waste treatment methods, management practices, and other  
 factors; 
X - Release pathway expected to be potentially significant; 
x -  Additional release pathways to be considered, depending on specific source and national 
situation. 

5.4.1.3 Discussion of mercury inputs 

Table 5-88 Overview of activity rate data and mercury input factor types needed to estimate releases 
from chlor-alkali production with mercury-technology 

Activity rate data needed Mercury input factor 

Amount of chlorine (or NaOH) produced  
(e.g., metric tons Cl2). 

Amount of mercury input per unit of chlorine (or 
NaOH) produced (g Hg per metric ton Cl2 ). 

 

689. Large amounts of mercury are used as input materials in this industry.  For example, the an-
nual consumption in the USA in 1996 was about 136 metric tons of mercury among 14 plants.  The 
Global consumption (input) of mercury in this industry has been estimated to be about 1344 metric 
tons for 1996 (Sznopek and Goonan, 2000, as cited in UNEP, 2002). Typically many tons of mercury 
are continuously in use at these facilities. During 2002, 39 Western European factories reported to 
OSPAR mercury consumption totalling 109 tons. Nine factories in the USA reported consumption to-
talling 30 tons, in the same year. Yet, these factories have been pursuing mercury stewardship pro-
grams for many years. It is plausible that factories in some other countries could experience higher 
capacity-adjusted consumption (Anscomb, 2004) 

690. Chlor-alkali plants vary significantly in the amount of mercury input used per unit of product 
(chlorine gas, or Cl2) produced.  This input is usually expressed in units such as grams mercury per 
metric ton of Cl2, (g Hg/metric ton Cl2), or grams mercury per metric ton of caustic (g Hg/metric ton 
caustic; for conversion between a Cl2-basis and a caustic basis, the following factor can be used:  Hg 
used per metric ton caustic produced = [g Hg/metric ton NaOH] = [g Hg/metric ton Cl2.)/1.128]; based 
on European Commission, 2001b, p.7). This input of mercury is required to replace the amount of 
mercury “lost” per unit Cl2 produced. Therefore, this input could also be considered as g mercury lost 
per Cl2 produced.  The best performing facilities, with world class state-of-the-art production technol-
ogy and work place practices, use about 6 grams elemental mercury as input per metric ton of chlorine 
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produced (6 g Hg/metric ton Cl2).  Facilities that use less effective production technologies and work 
practices will consume more mercury per metric ton of chlorine produced.  For example, facilities in 
India used an average of about 125 g Hg/metric ton Cl2 in 1999 (Srivastava, 2003). During 2002, this 
had reportedly been reduced to about 80 g Hg/metric ton Cl2, a consumption rate similar to US facto-
ries during the mid-1990s, before they thereafter undertook further mercury stewardship actions (that 
have yielded a more than 70% reduction in mercury consumption to about 22 g Hg/metric ton Cl2 dur-
ing 2002). For further perspective, two factories in Russia reported consumption of 250 and 580 grams 
mercury per metric ton of output product (Treger in Lassen et al., 2004), a consumption rate not dis-
similar to factories in Western Europe and North America before 1970 (Anscomb, 2004). 

691. In 1990, the average input for US facilities was about 75 g Hg/metric ton Cl2.  However, after 
about a decade of substantial efforts to reduce releases (largely focused on better work place practices 
to control fugitive emissions), US facilities currently use an average of about 18 g Hg/metric ton Cl2.  

692. The activity rate (or amount of chlorine produced per year) also varies among chlor-alkali 
plants. For example, in the USA in 1997 of the existing 12 plants, the highest activity rate was 234,056 
metric tons chlorine per year, and the lowest was 43,110 metric tons chlorine per year, with an average 
of 121,615 metric tons per year.  

5.4.1.4 Examples of mercury in releases and wastes/residues 

693. As discussed above, the amount of mercury released to each pathway depends on the type of 
technology present, extent of management practices to limit and prevent releases, and other factors.  
The most significant outcomes for mercury which is consumed may be in-factory buildup, solid 
wastes, and air emissions, which are all difficult to quantify. In some factories, mercury could plausi-
bly also be significantly lost to water and products, based on the experience in the USA and western 
Europe, prior to 1970 (Anscomb, 2004). 

694. Data on mercury outputs from chlor-alkali plants in France, indicate that 3 to 14% of the mer-
cury input is released to air, 16 to 90% is released through solid wastes (or other types of semi solid 
wastes such as sludges), 10 to 70% of the losses are considered internal losses (releases not accounted 
for in other release pathways) and less than 2% is released to the remaining 3 pathways (water dis-
charge, land, and products) (OSPAR, 2002).   

695. Based on data reported to the US EPA Toxics Release Inventory (TRI) for year 2001, (which 
apparently does not include internal losses) about 26-67% of quantified reported releases are emitted 
to air, about 32-73% is released through wastes, and less than 2% goes to water and land (US EPA, 
2003d). If internal losses where included, these percent values would be somewhat lower.  But, the 
TRI data provide useful information on the relative magnitude of releases to these selected media. 

696. Atmospheric emissions estimates have been developed in the USA based on stack test data for 
hydrogen streams and end box vents at 10 plants.  The values range from 0.067 grams of mercury per 
metric ton chlorine produced (0.067 g Hg/metric tons Cl2) to 3.41 g Hg/metric tons Cl2.  The average 
for the best performing five plants was 0.14 g Hg/metric tons Cl2.  In addition, there were 2 plants in 
the USA that have no end box ventilation system.  For these 2 plants, tests were conducted on the hy-
drogen stream only.  The 2 values were 0.033 g Hg/metric tons Cl2 and 0.17 g Hg/metric tons Cl2, with 
an average of 0.1 g Hg/metric tons Cl2. US EPA has emissions factors for cell hydrogen vents and 
from end boxes.  These factors may be useful for estimating emissions from some sources, however, 
these factors are based on tests from only 2 plants, conducted in 1973, and therefore have significant 
limitations (see US EPA, 1997a for details). New studies in the USA indicate that measured mercury 
releases to the atmosphere are very dependent of where in the cell rooms the air samples are taken. 

697. The relatively low emission factors reported in recent years (such as from the EU and USA) 
are not deemed applicable in general (in a regional/global perspective) because facilities in some other 
countries/regions release more mercury per metric ton of chlorine produced (or per metric tons sodium 
hydroxide produced) than the typical facility in the USA and EU (UNEP, 2002). 
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698. Treger reports in (Lassen et al., 2004) the mercury balances for the four mercury cell chlor-
alkali facilities remaining in Russia in 2002, see table 5-89. 

Table 5-89 Mercury balances for mercury cell chlor-alkali facilities in the Russian Federation in 2002 
(Treger in Lassen et al., 2004) 

Plant 

Mercury  
consumption, 
g/metric ton 
Cl capacity 

Mercury 
purchased, 
metric tons 

*1 

Emissions 
to atmos-

phere, 
metric tons 

Discharged 
to water 
bodies, 

metric tons 

Un-
accounted 
amounts, 

metric tons 

Disposed at 
landfills, 

metric tons 

Losses with 
commodity 
products, 

metric tons 
1 251 15.1 0.15 0.0001 0.015 14.9 0.03 
2 52 7.3 0.39 0.0008* 4.5 1.4 0.08 
3 42 10.0 0.44 0.0001 4.2 0.007 0.02 
4 582 70.8 0.24 No data 47.6 22.9 0.08 

Total - 103.2 1.22 >0.001 56.3 39.3 0.22 
Notes:  * To water system (ponds-evaporators); 

*1 Purchased mercury amounts may differ from consumption in the same year due to internal  
 mercury stock changes. 

699. In table 5-90 the same data from Russia are converted to relative output distribution. 

Table 5-90 Russian chlor-alkali facilities 2002, total outputs and distribution of outputs in share of re-
ported outputs (based on Treger in Lassen et al., 2004) 

Plant 

Sum of outputs  
+ unaccounted 

amounts,  
metric tons Hg 

To  
air, 

share 

To  
water, 
share 

To  
products, 

share 

To  
landfills, 

share 

Unaccounted 
amounts, 

share 

1 15 0.01 0.000007 0.002 0.99 0.001 
2 6 0.06 0.0001 0.01 0.22 0.71 
3 5 0.09 0.00002 0.004 0.001 0.90 
4 71 0.003 No data 0.001 0.32 0.67 

Total 97 0.013 0.00001 0.002 0.40 0.58 
 

700. Data on mercury cell facilities which have been shut down in Russia in the 1980's and 1990's 
indicate that mercury amounts in the soil at the facilities may be significant (Treger in Lasssen et al., 
2004). Leaks, handling losses, as well as on-site storage of mercury waste have been sources of this 
mercury. 

701. Cleanup of chlor-alkali plant sites in the United States that either have closed or continue to 
operate can cause significant challenges, including generation of mercury-contaminated groundwater; 
surface water; soils and sediments; debris; and stockpiles of elemental mercury (see 
http://www.epa.gov/epaoswer/hazwaste/mercury/cleanup.htm ; Southworth et a.l (2004) ; Kinsey et al. 
(2004); Kinsey et al. (2004); all as cited in review comments from the NRDC, 2005).  

702. Overall Mercury Losses.  Even with mercury recovery systems and good emissions controls, 
mercury is still lost.  Mercury must be periodically added to the process to replenish these losses. Re-
ported releases to air, water, waste and products do often not account for the full mercury input to the 
mercury cell process, and sometimes a "not accounted for" balance is reported to mirror this. Some 
outputs of mercury are relatively amenable for measurement (water discharge, products, stack air 
emissions). Other estimates of mercury outputs are not so readily measured or quantifiable (the mass 
of mercury adhering to metallic debris, contained within solid wastes, fugitive air emissions, and in-
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factory build-up of mercury). Because of uncertainties pertaining to measuring some outputs, a possi-
bility for evaluating the overall performance of a factory is by the performance metric of mercury con-
sumption per metric ton of product produced. This is a holistic measure that encompasses all ways 
mercury can be consumed during the production process. It is relatively reliable, based on the simple 
economic data of mercury replenishment to make up for mercury consumed during production. The 
linking of mercury consumption to metric ton of output allows direct comparison among factories 
within one country and across countries, since this adjusts for differences in factory size (Anscomb, 
2004). In some cases where such high-quality assessment is not possible, indications of for example 
fugitive emissions can be obtained through measurements done with handheld mercury monitors. 

5.4.1.5 Input factors and output distribution factors 

703. 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. Also, the presented default factors are expert judg-
ments based on summarized data only, and - at present - no systematic quantitative approach (i.e. con-
sumption-weighted concentration and distribution factors derivation) has been involved in the devel-
opment of the factors. 

704. 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 

705. The appropriate input factors to use for calculating releases will vary depending on the control 
devices present, pollution prevention techniques, and specific management practices used.  Site spe-
cific data and information are preferred.  All relevant information available for the plant under evalua-
tion should be used to determine the most appropriate input factors.  

706. If no information is available on the mercury consumption per production capacity, a first es-
timate can be formed by using the default input factors selected in table 5-91 below (based on the data 
sets presented in this section). Because consumption factors vary so much, it is recommended to calcu-
late 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 abso-
lute minimum), and the high end factor will result in a high end estimate (but not the absolute maxi-
mum). 

Table 5-91 Preliminary default input factors to estimate releases from chlor-alkali production 

Process 
Default input factors;  

g mercury per metric ton of chloride produced; 
(low end - high end) *1 

Chlor-alkali production with 
mercury cells 

25 - 400 

Notes:   1* The interval was defined as an attempt to signal the possible magnitude on mercury 
inputs to chlor-alkali mercury cell facilities in cases where no information on the ac-
tual characteristics of the mercury stewardship is available. Mercury inputs below 25 
g Hg/metric ton of chloride produced should likely be characterised as excellent 
mercury stewardship seen in the global perspective, whereas inputs above 400 g 
Hg/metric ton Cl2 (582 g/metric ton) have been reported for 2002 and may take 
place in other parts of the world. The mercury input can also be expressed in grams 
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mercury per metric ton of caustic (g Hg/metric ton caustic); for conversion between 
a Cl2-basis and a caustic basis, the following factor can be used:  Hg used per metric 
ton caustic produced = [g Hg/metric ton NaOH] = [g Hg/metric ton Cl2.)/1.128]; 
based on European Commission, 2001b, p.7). 

b) Default mercury output distribution factors 

707. The appropriate distribution factors to use for calculating releases will vary depending on the 
control devices present, pollution prevention techniques, and specific management practices used.  
Site specific data and information are preferred.  All relevant information available for the plant under 
evaluation should be used to determine the most appropriate distribution factors. It should be noted 
that mercury amounts "not accounted for" are often considerable, and may in some cases in fact be 
releases which are not otherwise quantified. The question of whether such amounts are actually recy-
clec or released on a specific site is there of paramount importance in the inventory. For this reason 
two optional output scenarios are presented. In the upper scenario, unaccounted meerucry amounts 
will be reported along with recyclec or otherwise treated mercury outputs. In the lower scenario, unac-
counted mercury amounts are shown as if they were released through the output pathways mentioned. 
Due to the uncertainty and varying production conditions, this output scenario was formed as an op-
tional choise for presentation of potential mercury outputs. The main purpose of the scenario is to sig-
nal possible releases, and does not pretend to be accurate in any way. It is up to the individual inven-
tory development team to decide which presentation they want to use. 

708.  If site specific data and other significant information are not available to estimate the distribu-
tion of releases to various media for the plant, then the suggested draft default distribution factors 
shown below could be used to estimate releases to various media; in that case a note should however 
be made in the inventory report, that actual releases could very well be higher in reality. 

Table 5-92 Preliminary default distribution factors for mercury outputs from mercury cell chlor-alkali 
production facilities 

Default output distribution factors, share of Hg input 

Phase in life cycle 
Air Water Land 

*1 Products General 
waste 

Sector specific 
treatment/ 
disposal/ 

unaccounted 

Production of chlor and NaOH/KOH 
with the mercury cell process *2 0.1 0.01 0.01 0.01 ? 0.87 

Mercury cell Cl/NaOH/KOH prod. - 
if unaccounted considered released *3 0.2 0.02 0.38 0.1 ? 0.3 

Notes:  *1 Mercury releases to land may be significant, and some of the mercury not accounted for may likely 
     actually be releases to the soil under the mercury cell facility. As these releases are generally not 
     quantified, they must, however, be represented here as unaccounted for;  
*2 Sector specific mercury outputs may be on-site or off-site mercury recycling or dumping. On-site or 
     off-site storage or dumping should be considered direct releases to land. In this scenario mercury    
     amounts "not  accounted for" are also designated here to this category to enable compatibility with 
     other source categories in the overall reporting of the inventory results; it should be noted that mer 
     cury amounts "not accounted for" are often considerable, and may in some cases in fact be releases 
     which are not otherwise quantified. The question of whether such amounts are actually recyclec or re 
     leased is therefor of paramount importance in the inventory. 
*3 In this scenario, unaccounted mercury amounts are presented as if they were released through the out 
     put pathways mentioned. Due to the uncertainty and varying production conditions, this output sce 
     nario was formed as an optional choise for presentation of potential mercury outputs. The main pur-
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pose of the scenario is to signal possible releases, and does not pretend to be accurate in any way. It is up 
to the individual inventory development team to decide which presentation they want to use. 

c) Links to other mercury sources estimation 

709. No links suggested. 

5.4.1.6 Source specific main data 

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

• Actual data on amount of mercury used per year at facility.  This could be obtained by records on 
how much mercury is purchased and/or input into process for the year; 

• Data on the amount of chlorine and/or caustic soda produced per year at facility (metric tons Cl2 
per year); 

• Information on types of control equipment used and the extent of pollution prevention practices; 

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

• Actual emissions stack test data, measurements of g mercury released per metric tons of chlorine 
produced for various release points (hydrogen stream, end box vent, cell room vent, etc.). 

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

5.4.1.7 Summary of general approach to estimate releases 

712. The input factors described above along with the distribution factors can be used to estimate 
the releases of mercury to each of the media (air, water, land, wastes, products, and sector specific 
treatment/disposal/unaccounted for) and total releases. For example, the estimated average total re-
leases (to all media/pathways) from a facility in the USA can be estimated by multiplying the average 
activity rate (i.e., 121,615 metric tons Cl2) by the low end input factor (25 g Hg/metric ton Cl2).  This 
yields an average estimate of total mercury releases of 3 metric tons of Hg per year for the “low end" 
releases to all pathways (including unaccounted losses).  However, estimating accurate total releases 
for actual individual plants in the USA and other countries requires knowledge about the activity rate 
for the specific facility and, even more importantly, a representative input factor (in g Hg per metric 
ton Cl produced).  Moreover, estimating the releases to each media is an additional challenge because 
of the variability and uncertainty about the distribution of the releases among the various possible 
pathways (air, sector specific wastes, water, land, products and internal losses). 

713. When mercury release data and/or estimates are available they are often reported in g 
Hg/metric tons Cl2.  Subsequently, to estimate annual mercury releases (for the entire plant), the g 
Hg/metric tons Cl2 is multiplied by the total metric tons chlorine produced per year; according to the 
following equation:   

g Hg/metric tons Cl2 * metric tons Cl2/year = g mercury released per year. 
 
Then, application of output distribution factors could be used to estimate releases to each media. 
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5.4.2 VCM (vinyl-chloride-monomer) production with mercury-dichloride 
(HgCl2) as catalyst 

5.4.2.1 Sub-category description 

714. Two processes are used to manufacture vinyl chloride: the acetylene process uses mercuric 
chloride on carbon pellets as a catalyst, and the other is based on the oxychlorination of ethylene 
(without mercury use). One facility in the USA uses the mercuric chloride process (US EPA, 1997a). 
However, no information was found concerning specific control measures for mercury emissions from 
the production of vinyl chloride. Also, no emission factors or test data were found. 

715. In the Russian Federation, four enterprises use mercury-dichloride. Their total input and out 
balance is presented below. 

5.4.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-93 Main releases and receiving media from VCM production with mercury dichloride as catalyst 

Phase of life-cycle Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

VCM production 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 na-
tional situation. 

5.4.2.3 Discussion of mercury inputs and releases 

Table 5-94 Overview of activity rate data and mercury input factor types needed for VCM production 
with mercury-dichloride as catalyst 

Activity rate data needed Mercury input factor 

Annual production of VCM Consumption of mercury (in catalyst)  
per unit of VCM produced 

 

716. Lassen et al. (2004) estimated the total mass balance of VCM production with mercury cata-
lysts in 2002 in the Russian Federation. A summary of the data is presented in table 5-95. 

Table 5-95 Estimated mass balance of VCM production with mercury catalysts in 2002 in the Russian 
Federation (Lassen et al., 2004) 

Inputs  
Annual Hg consumption with catalyst, metric tons/year 16 
Annual VCM production, metric tons/year 130,000 
Calculated g Hg input per metric ton of VCM produced, average, 
rounded 100-140 

Output distribution Share 
Spent catalyst for external recycling 0.62 
Low grade HCl acid sold 0.37 
Direct releases to air 0.003 
Direct releases to waste water 0.003 
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717. An OSPAR Convention decision in 1985 (Decision 85/1) defined recommended thresholds for 
mercury releases to the aquatic environment from VCM production with mercury catalysts at 0.05 mg 
Hg/l effluent, and 0.1 g Hg/metric ton VCM production capacity. These values may perhaps indicate 
the order of magnitude of mercury releases to water from this sector at about 1985 in the West Euro-
pean situation, and they correspond to the 2002 level presented for Russian VCM production above. 

5.4.2.4 Input factors and output distribution factors 

718. Based on the information presented above from Russia on inputs and outputs, 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. 

719. 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  

720. Actual data on mercury consumption with catalyst for VCM production in the specific facili-
ties will lead to the best estimates of releases. If no information is available on the mercury concentra-
tion in the concentrates used in the extraction step, a first estimate can be formed by using the default 
input factors selected in table 5-96 below (based on the Russian data set presented in this section). 

Table 5-96 Preliminary default input factor for mercury in catalyst to VCM production 

Material 
Default input factors; 

g mercury used per metric ton of VCM produced; 

Hg consumption in catalyst for  
VCM production 

100 – 140 

 

b) Default mercury output distribution factors  

Table 5-97 Preliminary default mercury output distribution factors suggested for VCM production with 
mercury catalyst   *1 

Life cycle phase Air Water Land *4 Products 
*3 

General 
waste 

Sector specific 
treatment/ 
disposal *2 

Share of total mercury input to 
VCM production 

0.02 0.02 ? 0.36  0.60 

Notes: *1 Based on national data for Russian Federation only; may be associated with substantial uncertainties; 
*2 In Russia this is external recycling of the catalyst; 
*3 In the form of low technical grade HCl acid sold for restricted purposes 
*4 Releases to land from on-site storage and handling can not be ruled out. 

c) Links to other mercury sources estimation 

721. No links suggested. 
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5.4.2.5 Source specific main data 

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

• Annual consumption of catalyst with mercury, and mercury concentration in catalyst; and 

• Measured data on distribution between all output pathways, preferably based on a mass balance 
approach. 

5.4.3 Acetaldehyde production with mercury-sulphate (HgSO4) as 
catalyst 

5.4.3.1 Sub-category description 

723. Mercury-sulphate can be used in the production of acetaldehyde, although alternative, non-
mercury processes are available.  Earlier in the twentieth century mercury was used for acetaldehyde 
production in the USA and other countries.  This process is no longer used in the U.S, and is probably 
not used any longer in many other countries.  However, information has not yet been obtained (in the 
process of drafting this draft report) with regard to the use of mercury for producing acetaldehyde in 
other countries.  

724. The liquid-phase oxidation of ethylene using a catalytic solution of palladium and copper 
chlorides was first used commercially in the USA in 1960 and more than 80% of the world production 
of acetaldehyde in recent years has been made by this process.  The remainder is produced by the oxi-
dation of ethanol and the hydration of acetylene.  Acetaldehyde is produced by a limited number of 
companies over the world.  The total production of acetaldehyde in the USA in 1982 amounted to 281 
thousand metric tons.  Total acetaldehyde production in Western Europe in 1982 was 706 thousand 
metric tons, and the production capacity was estimated to have been nearly 1 million metric tons.  In 
Japan, the estimated production in 1981 was 323 thousand metric tons (Hagemeyer, 1978; IARC, 
1985, as cited in WHO, 1995). 

725. The potential releases of mercury from this type of facility were well illustrated in the famous 
mercury pollution tragedy that occurred in 1950s-1960s in Minamata Bay Japan.  For 20 years, a 
chemical plant had been making acetaldehyde, which is used to make plastics, drugs, and perfume. As 
part of its normal operations, the plant dumped waste products, including large amounts of mercury, 
into Minamata Bay.  Many people died or suffered permanent disabilities as a result of this pollution. 
In 1968, the plant stopped using mercury in its manufacturing process and stopped dumping waste into 
the bay. Today, the plant produces liquid crystals, preservatives, fertilizers, and other chemical prod-
ucts using environmentally safe technology. 

726. Another incident occurred in Kazakhstan, where accidental release of mercury from an acetal-
dehyde plant in the Karaganda region of central Kazakhstan has resulted in serious contamination of 
the surrounding region and in particular the River Nura (reference: Management of Mercury Pollution 
of the River Nura, research at University of Southhapton, United Kingdom, available at: 
http://www.soton.ac.uk/~env/research/pollution/ ). 

5.4.4 Other production of chemicals and polymers with mercury 
compounds as catalysts 

5.4.4.1 Sub-category description 

727. Mercury releases may occur from production of polyurethane. In the past in the USA, cata-
lysts used in the production of polyurethane were composed of phenylmercuric compounds, but few 
facilities currently use this catalyst and phenylmercuric compounds are no longer produced in the 
United States (US EPA, 1997a). 



Chapter 5.4 – Intentional use of mercury in industrial processes 

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

156 

728. Vinyle acetate can also be produced using mercury salts as a catalyst (reference:  ATSDR, 
Toxicologiacl Profile for vinyl acetate).   

729. Lassen et al. (2004) report that in the Russian Federation mercury sulphate (II) has been used 
as catalyst in production of the cube (1-amino anthrachion) colours (/pigments), with an annual con-
sumption of several metric tons of mercury with catalyst until 2000. 

5.4.4.2 Examples of mercury in releases and wastes/residues 

730. An OSPAR Convention decision in 1985 (Decision 85/1) defined recommended thresholds for 
mercury releases to the aquatic environment from selected chemical industry activities involving the 
handling of mercury. The thresholds are summarised in table 5-98. These values may perhaps indicate 
the order of magnitude of mercury releases to water from these mercury applications at about 1985 in 
the West European situation. Note that VCM production is described in section 5.4.2 above; it is only 
mentioned here for comparison. 

Table 5-98 OSPAR recommendations for threshold values for aquatic releases of mercury from selected 
chemical production (www.ospar.org, 2004) 

Activity Threshold values for mercury releases 

VCM production with Hg catalysts 0.05 mg Hg/l effluent; 
0.1 g Hg/tonne VCM production capacity 

Other chemical production using Hg catalysts 0.05 mg Hg/l effluent; 
5 g Hg/kg Hg used 

Production of Hg catalysts for VCM synthesis 0.05 mg Hg/l effluent; 
0.7 g Hg/kg Hg processed 

Manufacture of other organic and inorganic Hg 
compounds 

0.05 mg Hg/l effluent; 
0.05 g Hg/kg Hg processed 
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5.5 Consumer products with intentional use of mercury 

Table 5-99 Consumer products with intentional use of mercury: sub-categories with primary pathways 
of releases of mercury and recommended inventory approach 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.5.1 Thermometers with mercury X X X X X OW 

5.5.2 Electrical and electronic switches, 
contacts and relays with mercury X x X X X OW 

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 

5.5.7 Pharmaceuticals for human and vet-
erinary uses X x x x X OW 

5.5.8 Cosmetics and related products  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. 

5.5.1 Thermometers with mercury 
5.5.1.1 Sub-category description 

731. Mercury thermometers have traditionally been used for most medium temperature range 
measurements. Today they are increasingly substituted by electronic and other thermometer types, but 
the degree of substitution probably varies among countries. Several European countries have already 
banned the use of thermometers and other products containing mercury, e.g. Sweden, Denmark, the 
Netherlands, and France.  In the United States, voluntary efforts are underway jointly with appropriate 
industry and associations to reduce mercury in thermometers through mercury free substitutes.  Sev-
eral USA States have banned the use of mercury fever thermometers, and most major retailers no 
longer sell them (UNEP, 2002).   

732. Major remaining uses may be medical thermometers (body temperature in hospitals, house-
holds, etc.), ambient air temperature thermometers, in chemical laboratories, and in controls of some 
machines (large diesel engines) and industrial equipment. Mercury thermometers may contain between 
about 0.6 and several 100 grams/unit, depending on the use (COWI, 2002 and US EPA, 1997a).   

733. In the production of glass thermometers, tubes are generally filled with mercury in an isolated 
room. A typical mercury filling process is conducted inside a bell jar. Each batch of tubes is set with 
open ends down into a pan and the pan set under the bell jar, which is lowered and sealed.  Mercury is 
allowed to flow into the pan from either an enclosed mercury addition system or a manually filled res-
ervoir. A vacuum system is used to pull the mercury into the tubes.  After filling, the pan of tubes is 
manually removed from the bell jar.  Excess mercury in the bottom of the pan is purified and trans-
ferred back to the mercury addition system or filling reservoir.  No specific information on the release 
of mercury from this step was identified in the reference; however, some mercury vapour may possi-
bly be lost to the atmosphere during this process.  Excess mercury in the tube stems is forced out the 
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open ends by heating the bulb ends of the tubes in a hot water or oil bath. The tubes are cut to a length 
just above the mercury column, and the ends of the tubes are sealed. These operations are performed 
manually at various work stations (Reisdorf and D'Orlando, 1984 and US EPA, 1984, as cited in US 
EPA, 1997a). 

5.5.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-100 Main releases and receiving media during the life-cycle of thermometers with mercury 

Phase of life cycle Air Water Land Prod-
ucts 

General 
waste 

Sector specific 
treatment/ 

disposal 

Production X X x X  x 

Use X X x    

Disposal 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 situa-
tion. 

734. Releases may take place:  

1) From production of mercury thermometers (to air, water and soil) depending on how closed 
manufacturing systems are, and on the handling and workplace procedures in the individual 
production units;  

2) By breakage or loss of thermometers (to air, water, soil) during use; and 

3) During disposal of the thermometers after their use (directly to soil or landfill and subse-
quently to water and air), closely depending on types and efficiency of employed waste collec-
tion and handling procedures. 

735. In some countries parts of the used mercury thermometers are collected for safe handling of the 
mercury and possibly recycling. 

i) Production 

736. Based on an analysis by Barr (2001), it seems that the portion of mercury input that is released 
during production in the USA is likely to be very small (Barr, 2001). Vapour emissions from mercury 
purification and transfer are typically controlled by containment procedures, local exhaust ventilation, 
temperature reduction to reduce the vapour pressure, dilution ventilation, or isolation of the operation 
from other work areas. The tube bore size also can be modified to reduce the use of mercury. The ma-
jor source of mercury emissions in the production of thermometers may be in the mercury filling step 
(US EPA, 1997a).  

737. Nonetheless, mercury emissions can occur from several sources during the production of 
thermometers. Many of the procedures used in thermometer production are performed manually, and 
as a result, emissions from these procedures are more difficult to control. The most significant poten-
tial sources of emissions are mercury purification and transfer, mercury filling, and the heating out 
(burning-off) process. Additional emissions may occur due to mercury spills, broken thermometers, 
and other accidents that may occur during the production process. 

ii) Use 

738. Since thermometers are sealed, releases of mercury do not occur during use of thermometers 
unless the thermometer breaks or cracks. Thermometers often break during use, as indicated by the 
percentage of breakage estimated later in this chapter.  This breakage can lead to elevated mercury 
ambient air levels in residences, resulting in risks to vulnerable populations such as small children 
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(Carpi and Chen, 2001). Once a thermometer breaks, mercury is released to various media, including 
air (as vapours), land and waste water. The broken thermometers may as well be disposed of with 
solid waste, but in this case it is here regarded as disposal (see below). The extent of releases to each 
pathway depends on clean-up procedures and other factors.   

iii) Disposal 

739. Some thermometers containing mercury may be recycled and the mercury recovered for future 
use.  However, a large percent are disposed of in municipal solid waste, medical wastes, hazardous 
waste, or possibly other types of waste disposal methods (burn barrels, informal dumping, wastewater, 
etc.) (Barr, 2001). The extent of each of these disposal methods probably varies considerably across 
countries.  In some western countries, the amount being collected separately and recycled has in-
creased over the past several years. 

5.5.1.3 Discussion of mercury inputs 

Table 5-101 Overview of activity rate data and mercury input factor types needed to estimate releases 
from thermometers with mercury 

Life-cycle phase Activity rate data needed Mercury input factor 

Production Total mercury consumption for thermome-
ter production  *1 

Kg of mercury released per kg of mer-
cury used for production, or per kg of 
mercury in produced thermometers 

Use Number of mercury thermometers con-
sumed per year, by type and sector 

g mercury per thermometer supplied, 
by type and sector 

Disposal Number of mercury thermometers con-
sumed per year, by type and sector 

g mercury per thermometer supplied,  
by type and sector 

Notes: *1 If not available the total amount of mercury may be estimated by use of default factors for mer-
cury per thermometer of each type. 

i) Production 

740. In most countries thermometers are produced only by a few manufactures of thermometers, if 
any. The amount of mercury used for the production, the number of thermometers produced and the 
actual releases from the production of thermometers should preferably be obtained by direct contact 
with the manufactures, if possible. Releases from the production may in some cases be available from 
national environmental statistics. 

741. In case specific information cannot be obtained, the number of thermometers produced per 
year may be available from national statistics, and the amount of mercury used for the production may 
be estimated using default factors for mercury per thermometer. In case specific information on pro-
duction volume exists, but release estimates are not available, a first estimate may be obtained using 
default distribution factors. See examples of mercury content per unit and distribution factors below. 

ii) Use 

742. Mercury releases by breakage and loss during use of thermometers can be estimated from the 
national consumption of mercury with thermometers and the estimated fraction of the used thermome-
ters that break or are lost during use. The number of mercury thermometers in use reflects mercury 
content and consumption number from earlier years (life-times of a few to many years, depending on 
type and use). If no historical data are available, input numbers from current consumption combined 
with expert judgments of supply trends can be used for a first approximation.  

743. Consumption numbers of thermometers may be obtained by direct contact with the main sup-
pliers (including manufactures) or from national trade statistics. Preferably the consumption of ther-
mometers should be broken down by the sectors: hospital sector, households, and indus-
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try/laboratories. A breakdown by sectors is most probably not possible on the basis of national trade 
statistics only, but requires that the necessary information can be obtained from suppliers. 

iii) Disposal 

744. Mercury input to disposal is the mercury content in the thermometers as supplied, multiplied 
by the national consumption numbers for the same thermometers. Note that mercury disposal with 
thermometers reflects mercury content from earlier years (life-times of a few to many years, depend-
ing on type and use). This is important as mercury concentrations in thermometers may have de-
creased over time in many countries. If no historical data are available, input numbers from current 
consumption combined with expert judgments of supply trends can be used for a first approximation. 
Preferably the consumption of thermometers should be broken down by the sectors: hospital sector, 
households, and industry/laboratories as the disposal system for the three sectors are often different. 

745. Examples of mercury content by thermometer type are presented in table 5-102. Medical 
thermometers contain today from 0.25 - 1.85 g mercury per thermometer depending on type, country 
and region. There is a trend in the direction of using smaller amounts of mercury per thermometer and 
thermometers disposed of may contain more mercury than new thermometers. Thermometers for am-
bient temperature measurement in general contain slightly more mercury, ranging from 2 to 5 g mer-
cury. A large number of different glass thermometers are used in laboratories, industry, and for special 
applications and the reported mercury content of these thermometers range from 0.3 to 48 g per ther-
mometer. 

Table 5-102 Examples of mercury content in thermometers by type and region (g mercury per unit) 

Thermometer type 
Mercury  
content 

(g Hg/item) 

Country/region  
for data Remarks 

0.5-1.5 European Union Floyd et al., 2002 
2 France AGHTM, 2000 

1.85 Russia Yanin, 2004 
0.61 USA US EPA, 1992 
0.7 Canada Environment Canada, 

2003a 

Medical thermometers  

0.25 Denmark Skårup et al., 2003 

Household thermometers 
0.5-2.25 European Union Floyd et al., 2002  

The use is not further speci-
fied 

2-5 Russia Yanin, 2004 
2.25 USA US EPA, 1992 Ambient air temperature 

thermometer  3 Canada Environment Canada, 
2003a 

10 European Union Floyd et al., 2002 
3.9-7.4 Russia Yanin, 2004 Industrial and special appli-

cation thermometers 5-200 Denmark Maag et al., 1996; Control 
of large diesel engines in 
ships etc. 

Laboratory thermometers 1.4-48 Russia Yanin, 2004 
Thermometers for testing 
petroleum products 

0.3-2.2 Russia Yanin, 2004 
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5.5.1.4 Examples of mercury in releases and wastes/residues 

i) Production 

746. Mercury emission data for thermometer production in the USA appear to be very limited. One 
1973 report by US EPA presents an atmospheric emission factor for overall instrument manufacture of 9 
kg of mercury emitted to the air for each metric ton of mercury used (9 kg lost/metric ton input). This 
emission factor should be used with extreme caution, however, as it was based on survey responses 
gathered in the 1960's, not on actual test data, and the emissions factor may not be applicable to ther-
mometer production. In addition, instrument production and the mercury control methods used in in-
strument production have likely changed considerably since the time of the surveys (US EPA, 1997a). 

747. Unilever reports that over an 18 year operation period of their thermometer factory in India, less 
than 1% (10 kg/metric ton mercury input; based on worst case assumptions) have been released to the 
atmosphere primarily through vaporization (Unilever, 2003). 

748. Little data have been available regarding other releases from production.  Toxics Link (2003) 
reports a breakage rate of 30-40% during production at instrument manufacturing facilities in India, 
some of which is however reported recovered by the manufacturers. Releases may occur due to mer-
cury spills, broken thermometers, and other accidents that may occur during the production process.  
These releases may often not be accounted for and can only be estimated from detailed mass balances 
for the production of the thermometers. 

ii) Use and disposal 

749. The disposal routes will be different for thermometers used in hospitals, households and labo-
ratories/industry. 

750. Mercury thermometers are in general disposed of because of malfunctioning (the recorded 
temperature is wrong) or because they break. In some countries, e.g. in the USA and Sweden, some 
thermometers may be disposed of through thermometer-exchange programs where the mercury ther-
mometers are exchanged with electronic thermometers. The breakage rate reported in different studies 
is very variable and depends on the actual use of the thermometers, with the highest rates for medical 
thermometers used in households. 

751. A breakage rate of 5% was assumed in a 1992 report by US EPA (US EPA, 1992) based on a 
1990 telephone survey of US thermometer manufacturers.  

752. Contrary to this Barr (2001) assumes that 50% of thermometers in the USA are broken by 
consumers because there is little reason to discard a thermometer if it is not broken. Of the 50% of 
thermometers broken, Barr assumes that 20% of the mercury ends up in wastewater after people clean 
up the spill by washing the area, and 10% is lost to air through volatilization. The remaining mercury 
is distributed between municipal solid waste, infectious waste and recycling.  These percentages are 
rough estimates by Barr, based on very limited data (Barr, 2001). Since fever thermometers are often 
used in clinical settings, disposal as infectious waste is included as a potential pathway for thermome-
ters, along with breakage, municipal solid waste disposal, recycling, and wastewater (Barr, 2001). Barr 
(2001) estimates that 88% of fever thermometers not broken during use in Minnesota in 1996 was dis-
posed of to municipal solid waste, while 12% was collected for recycling.  

753. Skårup et al. (2003) does not report on the breakage rates but estimate that about 1/3 of the 
mercury in household medical thermometers is released to waste water by clean up of the spills from 
broken thermometers. The remaining part is considered roughly equally distributed between disposal 
to the municipal solid waste and hazardous waste in Denmark. It is estimated that 90% of the mercury 
in thermometers used by industry/laboratories is disposed of with hazardous waste (for recycling), 
whereas 5% is disposed of with municipal waste and waste water, respectively. In Denmark mercury 
from thermometers used in the hospital sector is reported mainly to be disposed of as chemical waste; 
whether the thermometers are broken or not (Skårup et al., 2003). 
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754. Floyd et al. (2002) assumed that 5% of mercury-containing measuring and control equipment 
in the European Union break before it complete its useful lifetime. The breakage rate applies to all 
equipment and the rate for medical thermometers used in households may be significantly higher. It is 
estimated that 10% of the mercury in the broken equipment is emitted to the atmosphere, 20% goes to 
the sewer, 20 % is collected for recovery and 50% is disposed of to general waste. For mercury in all 
measuring and control equipment in the European Union, Floyd et al. (2002) estimate that 15% is col-
lected for recovery, 80% is disposed of to solid waste and 5% break during use. 

755. In France about 90% of the mercury thermometer consumption is attributed to the hospital 
sector (AGHTM, 2000). The average life of the thermometers is estimated at 1-2 months maximum in 
hospitals and thermometers are reported to be very frequently broken. The authors assume that 100% 
of the thermometers break and the possibility of recovering the mercury is very low, because the 
breakage occurs in places where access is difficult. The mercury is consequently to a large extent re-
leased to waste water when the rooms are swept. 

756. Thermometers collected by thermometer-exchange programs are expected go to mercury re-
cycling facilities or hazardous waste treatment. 

5.5.1.5 Input factors and output distribution factors 

757. Based on the so far compiled examples given above, the following preliminary default input 
and output distribution factors are suggested for use in cases where source specific data are not avail-
able. 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.   

a) Default mercury input factors 

758. Actual data on mercury levels in the particular thermometers will lead to the best estimates of 
releases. 

759. If no information is available on the mercury content in the actual thermometers used, a first 
estimate can be formed by using the default input factors selected in table 5-103 below (based on the 
data sets presented in this section). Because concentrations vary so much, it is recommended to calcu-
late 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 abso-
lute minimum), and the high end factor will result in a high end estimate (but not the absolute maxi-
mum). 

760. Note that these numbers refer to mercury-filled thermometers only. When quantifying the an-
nual supplies of thermometers, one should be aware that many non-mercury thermometers are sold 
(glass thermometers with alcohol or liquid metal alloys, and electronic thermometers), so specific in-
formation on the supply of mercury-filled thermometers is required. 

Table 5-103 Preliminary default mercury input factors, by thermometer type 

Thermometer type 
Mercury  
content 

(g Hg/item) 

Medical thermometers  0.5-1.5 

Ambient air temperature thermometer  2-5 

Industrial and special application thermometers  
(e.g. marine engine control) 

5-200 

Miscellaneous glass thermometers with Hg, incl. for laboratories 1-40 
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b) Default mercury output distribution factors 

761. The output factor to air from production was based on the Unilever data described above. 
Mercury releases to wastes and other pathways are not known. 

762. For the disposal, outputs are extremely dependent on the actual waste management practices 
in each of the sectors where mercury thermometers are used, and the default factor given below are 
simplifications meant to raise the signal that substantial mercury outputs may follow each of the noted 
pathways. Quantifications of the actual waste streams in each of the sectors in the country will give a 
more relevant picture of the mercury outputs from this products group. If no such specific quantitative 
data are available, the distribution factors given in the table below can be used.  

763. Note that the table only distributes outputs on direct releases to the environment and the two 
waste categories mentioned. The final destiny of mercury in wastes depends highly on the na-
tional/regional waste treatment scenario and the emission reduction designs involved. See descriptions 
of these issues in the sections covering general waste incineration (section 5.8) and landfills/deposition 
(section 5.9). 

764. Note also that in the default mercury output distribution factors mentioned here, informal 
dumping or incineration of waste is quantified as direct releases to air, land and water, as relevant. 
Beware of double-counting, if estimates of mercury releases are also made separately for informal 
dumping or incineration of waste. 

Table 5-104 Preliminary default mercury output distribution factors for use and disposal of thermome-
ters 

Default output distribution factors, share of Hg input 

Phase in life cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 
disposal *1 

Production *3 0.01 ? 0.01 ? ? 

During use and disposal (actual waste manage-
ment status in country):   *2      

No or very limited separate thermometer collec-
tion. All or most general waste is collected and 
handled in a publicly controlled manner 

0.1 0.3  0.6  

No or very limited separate thermometer collec-
tion. Missing or informal collection and handling 
of general waste is widespread 

0.2 0.3 0.2 0.3  

Separate thermometer collection with high collec-
tion rates. All or most general waste is collected 
and handled in a publicly controlled manner 

0.1 0.3  0.3 0.3 

Notes: *1 Mercury recycling or special deposition, for example secured disposal in old mines;  
*2 Mercury inputs to disposal are the amounts of mercury in the thermometer types, combined with  
 disposed amounts of the respective thermometer types. If annual supply data for a few years earlier  
 (for the same thermometer types) are available, they can be used as approximations for disposed  
 amounts; 
*3 Outputs in share of mercury inputs to production in the country. If mercury amounts supplied to  
 production can not be obtained, an approximation can be the amount of mercury in the produced  
 products. 
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c) Links to other mercury sources estimation 

765. The estimated outputs to separately collected waste and municipal solid waste from this sec-
tion contribute to the mercury input to landfills/deposits (section 5.9) and waste incineration (section 
5.8). 

766. The estimated outputs for recycling from this section contributes to the mercury input to mer-
cury recycling (section 5.7.1). 

5.5.1.6 Source specific main data 

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

• Domestic production numbers for mercury-containing thermometers; 

• Consumption of mercury-containing thermometers for the hospital sector, households and labora-
tories/industry, respectively; and 

• Setup and efficiency of waste management systems in each of the sectors where mercury ther-
mometers are used. 

768. With regard to domestic production, the mercury consumption and production output may be 
confidential information. Production volumes may be obtained from national production statistics but 
most probably not broken down by thermometer types. 

769. Consumption of mercury-containing thermometers may be available from national trade statis-
tics, but most probably not broken down by thermometers type and sector. Information on breakdown 
on types must then be obtained from suppliers. 

770. See also advise on data gathering in section 4.4.5. 

5.5.2 Electrical switches and relays with mercury 
5.5.2.1 Sub-category description 

771. Mercury has been used (and continues to be used) in a variety of electrical switches and re-
lays. Data from the USA indicate that mercury consumption remains significant for this product group 
(USA, 2002). In some countries mercury in electrical components have been under substitution during 
the last two decades and non-mercury substitutes are being used for most or all of these applications in 
some countries today. However, the status and extent of substitution probably varies considerably be-
tween countries.  Moreover, regardless of status of substitution, mercury switches and relays will 
likely be present in the wastes for years to come due to very long service life of these items. This sub-
category is a very diverse product group both in terms of differences in applications, mercury content 
and life spans for the electrical components and it may take a substantial effort to estimate mercury 
releases the sub-category. Recent studies in the US demonstrate there are non-mercury alternative 
switches/relays that are comparable or superior to the mercury products with respect to cost and func-
tionality for virtually all applications (Galligan et al., 2003, as cited by NRDC in comments to UNEP, 
2005). Consequently, a growing number of States within the USA have enacted legislation prohibiting 
the sale of new mercury switches and relays. 

772. The primary use of elemental mercury in electrical apparatus manufacturing is in tilt switches 
also designated "silent" switches. A mercury tilt switch is constructed by adding mercury into a glass 
tube containing metal wire contacts, and then sealing the tube. An out-side mechanical force or gravity 
activates the switch by moving the switch from a vertical to a horizontal position causing the mercury 
to flow from one end of the tube to the other, thus providing a conduit for a electrical current. Tilt 
switches have in the USA mainly been used for silent electric wall switches and electric switches for 
thermostats used in residential and commercial heating. Barr (2001) reports that mercury switches 
have been used in thermostats for more than 40 years. Mercury-free thermostats are available; how-
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ever, they are reported to not last as long or work as well as mercury thermostats. Some countries do 
fine without them, however. Studies in the US now indicate non-mercury thermostats are equivalent or 
superior to the mercury models because of improvements made to the non-mercury models (Lowell 
Center for Sustainable Production, 2003), (Maine DEP Order, 2003) and Maine Board of Environ-
menal Protection, 2004). Thermostats with mercury switches were still on the market in the USA as of 
year 2001 (Barr, 2001) and mercury thermostats continue to be sold in the United States as of 2005, 
although the market is decreasing about 10%/year, and this trend will accelerate as laws in six states 
(and pending in others) prohibiting the sale of new mercury thermostats become effective (PSI, 2004). 
Heating, ventilation and air conditioning (HVAC) contractors are the primary consumers of these de-
vices, which are probably still used widely in homes and other buildings throughout the world. In cars, 
tilt switches have been widely used for "convenience lights" like the ones that operate when a trunk is 
opened. Also, small tilt switches have been used for antilock braking systems (ABS) and active ride-
control systems. In American cars produced in 1996, light switches accounted for 87% of the total 
11.2 metric tons use, ABS for 12% and ride-control for 1%. (Griffith et al., 2001) In ABS systems 
mercury was mainly used in 4-wheel drive systems. New cars sold in the US do not contain mercury 
switches in either convenience lights or ABS systems, as of 2003. In European cars mercury has not 
been used since the mid 1990-ies (Skårup et al., 2003). 

773. A specialized type of tilt switch is the "float switch". These have typically been used in sump 
pumps and bilge pumps to activate or deactivate the equipment. The arm of the float will be attached 
to a control box, which contains the mercury tilt switch. The movement of the arm turns the switches 
on or off. In Denmark in 1992, mercury float switches accounted for about 60% of the total mercury 
use in switches and relays (Skårup et al., 2003). The “level" switches used to set an electrical current 
on or off in response to mechanical movements (traditionally a glass tube with floating mercury) may 
be the most significant item with regard to quantities of mercury consumed. Mercury tilt switches are 
also found in numerous other products including chest freezer lids, telephones, theft alarms on boats, 
clothes washers, some blinking sport shoes, railway control lights and laptop computers. 

774. Beside the use of mercury tilt switches in common thermostats, mercury is also used in two 
other types of thermostats. An "accustat" is a glass thermostat resembling a thermometer with two 
electrical connections. By the expansion of the mercury it switches on/off an electrical flow.  

775. Another type is the mercury thermostat probes, also known as flame sensors or gas safety 
valves. The metal probe consists of a metal bulb and thin tube attached to a gas-control valve. The 
mercury is inside the tube and expands or contracts to open and shut the valve. They are most com-
monly present as part of the safety valve that prevents gas flow if the pilot light is not lit in several 
types of gas-fired appliances, such as water heaters, furnaces, and space heaters. Mercury thermo fuses 
have been used in automatic coffee makers and irons (Skårup et al., 2003) 

776. Relays are electrically controlled switches. Larger plunger or displacement relays are used in 
high current lighting and heating. The mercury displacement relay uses a metallic plunger device to 
displace mercury. The plunger is lighter than mercury so it floats on the mercury. When the coil power 
is off, the mercury level is below the electrode tip and no current path exists between the insulated 
center electrode and the mercury pool. When coil power is applied the plunger is drawn down into the 
mercury pool by the pull of the magnetic field and the plunger centers itself within the current path. 
Plunger relays contain up to 400 g mercury (Environment Canada, 2003b).  

777. Wetted read relays are found in small circuit controls for low voltage electronic devices. A 
wetted reed relay consists of a glass encapsulated reed with its base immersed in a pool of mercury 
and the other end capable of moving between two sets of contacts (Galligan et al, 2003). The mercury 
flows up the reed by capillary action and wets the contact surface of the reed and the stationary con-
tacts. Reed relays are primarily used in test, calibration, and measurement equipment - that is: special-
ist - applications where stable contact resistance over the life of the product is necessary. The mercury 
content of each relay is typically 1-10 mg (Skårup et al., 2003), and though they may be widely used 
the total mercury consumption with relays of electronics have been relatively small compared to the 
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mercury switches described above. Mercury contact relays with a switch similar to the tilt switches 
described above may be used, but the use seems not to be widespread.  

5.5.2.2 Main factors determining mercury releases and mercury outputs 

778. Similar to other products containing mercury, releases may occur: 

1) From production of mercury switches and relays (to air, water and soil) depending on how 
well closed the manufacturing systems are, and on the workplace procedures in the individual 
production units;  

2) By breakage or loss of switches (to air, water, soil) during use; and 

3) During disposal of the products containing the switches (or the switches themselves) after their 
use (directly to soil or landfill and subsequently to water and air), closely dependent on types 
and efficiency of the waste handling procedures (COWI, 2002).  

Table 5-105 Main releases and receiving media during the life-cycle of switches and relays with mercury 

Phase of life cycle Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Production x x x X  x 

Use x x x    

Disposal 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 situa-
tion. 

i) Production 

779. During the manufacture of electric switches (wall and thermostat), mercury may be emitted 
during welding or filling, as a result of spills or breakage, during product testing, and as a result of ma-
terial transfer (US EPA, 1997a).  See US EPA (1997a) for a description of the production processes 
for these devices. 

ii) Use 

780. Since the mercury is contained in a sealed glass bulb inside the device, it is not released during 
normal use (Environment Canada, 1999). Once a switch breaks, the mercury is released to various 
media, including air (as vapours), land, and waste water. The broken switches may as well be disposed 
of with solid waste, but in this case it is here regarded as disposal. The extent of releases to each path-
way depends on clean-up procedures and other factors.   

iii) Disposal 

781. Due to the long life-time of the equipment and the significant decrease in the consumption in 
the recent years in some countries, availability of historical consumption data is crucial for determina-
tion of the amount of mercury disposed of with discarded equipment. One study in the USA estimated 
that 10% of switches are discarded after 10 years, 40% after 30 years and the remaining 50% after 50 
years (US EPA, 1992, as cited by US EPA, 1997b). Mercury-containing tilt switches used in buildings 
(e.g. wall switches and switches in thermostats) usually last 30 to 50 years, and their disposal usually 
occur when buildings are renovated or demolished (Environment Canada, 1999).  Switches and relays 
in electric/electronic equipment and cars are usually disposed of when the equipment or cars are dis-
carded and the amount disposed of today reflects the consumption 15-20 years ago. 
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782. Floyd et al. (2002) , studying the consumption in the EU, note that in practice the lifetime will 
be determined by the life of the equipment within which the switches are contained, and estimate that 
in practice the lifetime is likely to be of the order 5-10 years. This likely applies only for other 
switches and relays than the types used in houses and cars. 

783. As the consumption pattern has changed significantly in recent year in some countries, the 
amount of mercury disposed of with discarded products can most likely not be estimated reliably on 
the basis of information on today's consumption, using a steady-state assumption. However, it may 
sometimes be possible to estimate the number of mercury thermostats discarded annually without us-
ing historic sales data by obtaining the quantity of replacement thermostats (all kinds) sold annually 
(as provided by trade publications) and estimating the percentage of thermostats replaced which are 
mercury (PSI, 2004). This methodology could be used for other mercury products where replacement 
sales data are available. 

784. Based on historical consumption data it may be possible to estimate the amount of equipment 
accumulated in the society (equipment still in use). The fraction of the discarded equipment collected 
for safe handling of the mercury will mainly be dependent on the existence and efficiency of specific 
collection campaigns and the general practice for treatment of waste of electric and electronic equip-
ment. Information on the amounts collected and the estimated collection efficiency may be the best 
basis for estimates of total mercury in the discarded equipment. In some cases it may be useful to form 
rough estimates based on corresponding data from countries with similar conditions. 

785. In some countries specific campaigns for collection of mercury containing switches exists e.g. 
"Mercury-free Colorado Campaign - Thermostat Recycling Program" (DPHE, 2003). The campaigns 
may significantly increase the amount of mercury collected as there is generally no strong economic 
incentive for recycling of mercury. Unfortunately, notwithstanding the Colorado campaign and other 
similar efforts elsewhere, voluntary efforts in the USA have produced very limited results thus far 
(PSI, 2004, as cited by NRDC in comments to UNEP, 2005). Accordingly, a growing number of 
States are prohibiting new sales. 

786. The amount of the discarded switches that is collected for recycling will further depend on the 
practice and legal requirements regarding treatment of electric and electronic waste. In countries in the 
European Union specific requirement for removal of mercury containing components, such as 
switches or backlighting lamps, are to be implemented before August 2004. 

787. Even in countries with separate collection, a portion of the switches and relays are disposed of 
with MSW and waste from scrap dealers and breakers.  

788. For switches in wastes that end-up in protected landfills, part of the mercury will be released 
only slowly as the encapsulation is degraded, by gradual evaporation to the atmosphere, with slow 
leaching to waste water (or the ground water, if no membrane is used under the landfill), and perhaps 
ultimately in larger scale if excavation works occur (or even climatic/geological changes). See the de-
scription of landfills/deposition in section 5.9. 

789. For switches in wastes that end up in waste incineration, most of the mercury will be released 
to the atmosphere when incinerated, while minor parts will remain in the solid incineration residues  - 
and, if applied - in flue gas cleaning residues, and subsequently deposited in landfills or other deposits, 
as described in section 5.8. 

790. In cases of uncollected, diffusely lost waste, or informal, un-protected waste dumps, the losses 
occur directly to land. 
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5.5.2.3 Discussion of mercury inputs 

Table 5-106 Overview of activity rate data and mercury input factor types needed to estimate releases 
from switches and relays with mercury 

Life-cycle phase Activity rate data needed Mercury input factor 

Production 

Total mercury consumption for production 
or 

Number of switches and relays produced 
per year (in the country) by type 

Kg of mercury released per kg of 
mercury used for production or per 
kg of mercury in produced switches 

Use *1 Historical data on number of mercury 
switches consumed per year 

 
g mercury per switch supplied,  

by type and sector 

Disposal *1 Historical data on number of mercury 
switches consumed per year 

 
g mercury per switch supplied,  

by type and sector 

Notes:   *1 If these data are not available, the default input factors presented below can be used; they are 
based on data on mercury supply per capita with this product type and operate with the activity 
rate of number of inhabitants in the country. 

i) Production 

791. In most countries the number of manufactures of mercury-containing switches and relays is 
probably not more than a few, if any. Information on the amount of mercury used for the production, 
the number of devices produced and the actual releases from the production should preferably be ob-
tained by direct contact to the manufactures, if feasible. Releases from the production may further be 
available from national environmental statistics. If case specific information cannot be obtained, the 
number of switches produced per year may be available from national statistics and the amount of 
mercury used for the production may be estimated using default factors for mercury per unit. How-
ever, such statistics are probably not available in most countries. In case only information on produc-
tion volume is available, a first estimate of the releases from the production may be obtained using the 
examples of mercury content per switch and distribution factors below. 

792. In the USA in 1996, a total of 49 metric tons mercury were consumed in the production of 
wiring devices and switches (Sznopek and Goonan, 2000), accounting for about 13% of the total in-
tentional consumption of mercury in the country. As reported in 2004 (Barr, 2004) the estimated an-
nual consumption of mercury in products such as switch/relay use (including thermostats) represented 
42% of product use in the US, i.e. a total of 103 short tons (appr. 91 metric tons). The Interstate Mer-
cury Education and Reduction Clearinghouse (IMERC) data base indicates switch/relay manufacturers 
(including thermostats) notified this consortium of States that they used more than 69 short tons of 
mercury on products sold in the US in 2001 (NEWMOA, 2001).  

ii) Use 

793. Contrary to for example thermometers, mercury containing switches and relays usually reach 
the consumers as components of other equipment, and for this reason it is difficult to obtain a reliable 
estimate of the actual consumption of mercury with marketed products. It should be noted that this 
part of the assessment may be quite time consuming. Market information will most probably not be 
available from national trade statistics. Today consumption of mercury-containing switches may be 
obtained by direct contact to the main suppliers of the main products in which these devices may be 
present: thermostats, air conditioning equipment, submerged pumps, cars, etc. In case mercury inven-
tories or assessments exist for neighbouring countries, information from those countries may be used 
if nothing else is known. By way of example of the methodology, US EPA (1992) estimated the num-
ber of thermostats purchased on the basis of the number of new homes constructed annually (US EPA, 
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1992, as cited in Barr, 2001). This approach may account for some of the actual consumption, but will 
not cover replacements sales. In any case, information is also needed on number of thermo-
stats/switches per building and percent of thermostats/switches that contain mercury versus non-
mercury types (Barr, 2001).  

794. An additional difficulty in the estimation is if the use of mercury switches has ceased or de-
creased heavily in society. In this case current consumption data is of no use, and mercury releases by 
breakage during use of switches, and by disposal, must be estimated based on old supply data com-
bined with life span estimates for the switches. The accumulated number of mercury switches in use 
reflects mercury content and consumption number from earlier years. Life-times may of up to 50 years 
for some application. 

795. Another possible approach is to estimate breakage and disposal on the basis of the total 
amount accumulated in the society, multiplied with the estimated share of the switches in use that 
break or is discarded per year. The share of switches which break may be negligible, but the total 
amounts accumulated in society is in any case used for the estimate of the amount disposed of as dis-
cussed below. 

796. The first step in estimating the amount of mercury in use is to determine whether mercury-
containing switches have been used (and is still marketed) in the country. The main application areas 
to be checked are presented in table 5-107. When it is confirmed that mercury-containing switches 
have been used (or are still marketed) for a specific application, the next step is to estimate the amount 
still in use.   

Table 5-107 Examples of mercury content in electrical and electronic switches, contacts and relays in g 
mercury per kg of the particular items, per type and origin of data. 

Type of electrical and elec-
tronic switch, contact or relay 

Mercury  
content 

(g Hg/item) 

Country/ 
region for 

data 
Remarks 

Thermostat tilt switches 3 USA PRF, 1996; Thermostats frequently 
contain 2-6 tilt switches  

Thermostats (accustat) 1.8 – 14.4 Russia Yanin, 2004 
 1 USA Huber, 1997 
Flame sensor 2.5 USA Huber, 1997; Used in gas ranges  
Silent wall switches 3 

2 
USA 
USA 

US EPA, 1997a 
PRF, 1996 

Freezer light and washing ma-
chine switches 

2 USA Huber, 1997 

Industrial switches up to 3.600 
3-6 

USA 
USA 

PRF, 1996 
Huber, 1997 

Float switches 6.8-13.6 Denmark Skårup et al., 2003 (for sewer pumps 
etc.) 

Switch in blinking sport shoes 2 Denmark Skårup et al., 2003 
Switches in automobiles 0.7-1.5 USA Griffith et al., 2001; Mercury 

switches used in underhood and 
trunk lighting.  4-wheel drive anti-
lock brake systems (ABS), and ride-
control systems 

Switches 0.9-23 Russia Yanin, 2004 
Plunger or displacement relays up to 400  Canada Environment Canada, 2003b 
Mercury relays in electronics 0.001-0.01 Denmark Skårup et al., 2003 
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iii) Disposal 

797. For those applications where historical consumption data exist, the amount disposed of may be 
estimated assuming an average life-time for the equipment. As an example Barr estimated total dis-
posal of mercury with thermostats in Minnesota from the consumption 20 years earlier assuming an 
average lifespan of 20 years for a thermostat (Barr, 2001). 

798. Information on types of collected equipment and collected amounts of mercury may be ob-
tained by contacting companies or other organizations engaged in treatment of mercury-containing 
waste. The information gathered may indicate which types of equipment may be disposed of in the 
country. The total for the country may be estimated by extrapolation of the obtained data from de-
scribed locations or sectors.  

799. Examples of mercury content in electrical and electronic switches and relays are presented in 
table 5-107. 

5.5.2.4 Examples of mercury in releases and wastes/residues 

i) Production 

800. Three facilities in the USA that manufacture electric switches and electric components re-
ported emissions of about 2 kg of mercury to air for year 1994, or a total of about 6 kg from the 3 fa-
cilities (US EPA, 1997a). These facilities are not known to employ technologies to remove mercury 
from exhaust streams.  However, measures are taken to reduce workplace exposures, including process 
modification, containment, ventilated enclosure, local exhaust ventilation, temperature control, dilu-
tion ventilation, and isolation (US EPA, 1997a).  

801. No mercury emission data have been identified for other manufacturers of electrical switches. 
In the production of either mercury buttons for wall switches or thermostat switches, the principal 
sources of mercury emissions occur during filling processes that are conducted in isolated rooms. The 
isolation rooms are vented to maintain the room at a slight negative pressure and prevent mercury con-
tamination of adjacent work areas. In 1997, US EPA reported that no emission data or results of tests 
were available to develop an estimate of mercury emissions from the two processes (US EPA, 1997a). 
However, one report (US EPA, 1973, as cited in US EPA, 1997a), presents an emission factor for the 
overall electrical apparatus production process of 4 kg of mercury emitted for each metric tons of mer-
cury used. This emission factor should be used with caution because it was based on engineering 
judgment and not on actual test data (US EPA, 1997a). Electrical switch production and the mercury 
control methods used in the industry have likely changed considerably since 1973. 

ii) Use 

802. Minimal releases are expected to occur during use because these switches and similar devices 
are typically enclosed in a sealed glass container and other casing.  Compared to thermometers, for 
which breakage is one of the main reason for their discard, mercury switches are mainly discarded 
with the equipment they are incorporated into. 

803. However, occasionally these devices can break during use, which will result in releases to air, 
and possibly to land and water. It has not been possible to identify any studies that estimate that the 
releases from breakage of these devices, however, mercury releases may possibly be significant for 
some countries. Although, for the European Union, Floyd et al. (2002) estimate that the breakage of 
switching equipment is negligible. Skårup et al. (2003) does not estimate any releases from breakage 
of switches.  

iii) Disposal 

804. The disposal of mercury with switches will depend on the presence of collection systems.  

805. In Denmark in 2001, the major part of the mercury was collected, primarily through a take-
back system for telephones (Skårup et al, 2003). In addition, switches were collected as part of the 
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treatment of spent freezers and electronic equipment. About 10-30% of the total discarded mercury 
was disposed of to MSW (and incinerated). In total 0.9-1.7 metric tons were discarded while the cur-
rent consumption was estimated at less than 0.024 metric tons/year.  

806. Floyd et al. (2002) estimated that within the European Union 15% of the mercury in these de-
vices is collected for recovery, 80% disposed with solid waste and 5% disposed of with steel scrap 
(e.g. switches in cars and refrigerators). One possible explanation to that the relatively low amounts 
flowing to steel scrap, is that the use of mercury switches in cars has been substituted quite early in the 
European Union, compared to for example the USA. The total mercury amounts disposed of within 
the EU was estimated to 13.5 metric ton/year in 2000, while the consumption in 2000 was 9 metric 
ton/year. The consumption in the mid-1990's was around 28 metric ton/year according to that study. 

807. In the USA, the total reported consumption of mercury with wiring devices and switches was 
estimated at 49 metric tons/year for 1996, while the disposed mercury amount accounted for from this 
product group was 32 metric tons/year, of which the half was collected for recovery. The consumption 
of mercury for production of switches in the USA was quite stable within the period 1970-1995 
(Sznopek and Goonan, 2000). As reported in 2004 (Barr, 2004) the estimated annual consumption of 
mercury in products such as switch/relay use (including thermostats) represented 42% of product use 
in the US, i.e. a total of 103 short tons (appr. 91 metric tons). 

808. The disposal and consumption data reported above are summarized in table 5-108, along with 
calculated per capita data. 

Table 5-108 Reported annual mercury consumption with switches and relays in selected countries and 
regions, in total and per inhabitant   *1 

 
Denmark, 

1993 
Denmark, 

2001 
EU 15, 
2000 

EU 15, 
mid 1990's 

USA, 
1996 

USA, 
2004(?) 

Reported mercury consumption  
for switches and relays, kg/y 

300 24 9000 28000 49000 909000 

Population, millions 5,4 5,4 376 376 281 296 

Annual mercury consumption  
with switches and relays  

in g per inhabitant 
0.06 0.004 0.02 0.07 0.17 0.31 

Notes: 1* Denmark: Already in 1993, most of the mercury switches and relays sold had been substituted with 
mercury-free alternatives; most of the consumption was for tilt switches in sewer pumps, a use which 
had also ceased by 2001;  
EU: The use of mercury switches in cars had been abandoned in most cars on the market already by 
the mid 1990s or earlier;  
USA: The reported consumption of mercury for production of switches in the USA was quite stable 
within the period 1970-1995 (Sznopek and Goonan, 2000); since 1996, the use in cars has likely de-
creased. According to Barr (2004, as cited by NRDC in comments to UNEP, 2005), a later estimate 
for the US. consumption is  100 short tons (90.9 metric tonnes), using this estimate the 
grams/inhabitant is calculated as 0.31 g per inhabitant for the United States.   

5.5.2.5 Input factors and output distribution factors 

809. 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.  
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810. 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. 

811. Due to lack of sufficient data, no default factors were set for the production of mercury 
switches and relays. 

a) Default mercury input factors 

812. If no other information is available enabling input estimation as described above, a first esti-
mate can be formed by using the default input factors selected in table 5-109 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 category (but not the abso-
lute minimum), and the high end factor will result in a high end estimate (but not the absolute maxi-
mum). 

Table 5-109 Preliminary default input factors for mercury use in switches, contacts and relays 

 
Default input factors;  

g mercury consumed per inhabitant per year; 
(low end - high end) 

Mercury consumed annually with 
mercury switches and relays 

0.02 - 0.25 

 

b) Default mercury output distribution factors 

813. Note that in the default mercury output distribution factors mentioned here, informal dumping 
or incineration of waste is quantified as direct releases to air, land and water, as relevant. Beware of 
double-counting, if estimates of mercury releases are also made separately for informal dumping or 
incineration of waste. 

Table 5-110 Preliminary default mercury output distribution factors for use and disposal of electrical 
and electronic switches, contacts and relays 

Default output distribution factors, share of Hg input 
2* 

Phase in life cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 
disposal *1 

Use and disposal (depending on actual waste 
management status in country):      

No or very limited separate switches collection. 
All or most general is waste collected and handled 
in a publicly controlled manner *4 

0.1  0.1 0.8  

No or very limited separate switches collection. 
Missing or informal collection and handling of 
general waste is widespread *3 

0.3  0.4 0.3  

Separate collection with high switches collection 
rates. All or most general is waste collected and 
handled in a publicly controlled manner *4 

0.1  0.1 0.4 0.4 
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Notes:  *1 Separate collection of mercury-containing switches and relays which may be directed to mercury  
 recycling or special, secure deposition;  
*2 Mercury inputs to use and disposal are the amounts of mercury in the component types, combined  
 with disposed amounts of the respective component types. If annual supply data (for the same  
 component types) are available for an estimated component life-time earlier, they can be used as  
 approximations for disposed amounts;  
*3 The distribution between air, land and general waste here is artificial, and is meant only to raise a  
 signal that significant mercury releases may follow these pathways in countries with widespread  
 informal waste handling such as diffuse dumping and informal waste incineration. Such waste  
 handling is considered here as direct releases to the environment; 
*4 No data were observed on the distribution of mercury not collected separately. The distribution  
 suggested between general waste, air and land is artificial, and is meant to signal that besides  
 general waste, some mercury in switches used in buildings may possibly follow demolition waste  
 which  may not be lead to a secure landfill, and some mercury in switches used in freezers and cars  
 may possibly be releases through the shredding of recycled iron and steel from these products.   

c) Links to other mercury sources estimation 

814. The estimated mercury outputs to separately collected waste and general household waste 
from this sub-category contributes to the mercury inputs to landfills/deposits (section 5.9) and house-
hold waste incineration (section 5.8).  

5.5.2.6 Source specific main data 

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

• Domestic production of mercury-containing switches and relays; 

• Actual and historical data on consumption of mercury-containing switches; and 

• Setup and efficiency of waste management systems. 

816. Most likely mercury-containing switches are produced in a few production plants, if any, and 
a point source approach to mercury release estimates is therefore recommended. Mercury consumption 
for domestic production and production output should be obtained by direct contact to manufactures, 
as production volumes most probably cannot be obtained from national production statistics.  

817. If national historical data are not available, assessments/inventories of neighbouring countries 
(or countries in the same market region), if available, may be used for a rough estimate.   

818. Se also advises on data gathering in section 4.4.5 

5.5.3 Light sources with mercury 
5.5.3.1 Sub-category description 

819. Mercury is used in small amounts per lamp in a number of different types of discharge lamps, 
with fluorescent tubes and compact fluorescent lamps (CFLs) as the most common examples (COWI, 
2002).  Approximately 95% of the mercury-containing lamps used in the USA are linear fluorescent 
light tubes (NESCAUM, 1998).  The remainders are compact fluorescents or specialty lamps (such as 
metal halide, mercury vapour, high-pressure sodium, and neon lamps) which are produced for com-
mercial or municipal use, such as street lighting (NJ MTF, 2002).  Significant progress has been made 
by some producers to reduce the amount of mercury per lamp, with reductions of about a factor 10 
achieved in newer mercury-lamps as compared to traditional types. Lamp types with high mercury 
content are, however, still reported to be on the market, and may be sold in large quantities as they are 
generally cheaper than low-mercury lamps. Non-mercury alternatives for these lamps, with similar 
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energy saving qualities, are not yet available on the market, however, they are under development 
(COWI, 2002). Other light sources reported to contain mercury include: special lamps for photografic 
purposes, chemical analyses (atomic absorption spectrometry lamps), ultraviolet sterilisation, and back 
lights for flat-screens for computers (and likely for televisions). 

820. Elemental mercury is introduced into the tube when it is manufactured, and it acts as a multi-
photon source, producing ultra-violet light when an electrical current is passed through the tube. Mer-
cury in fluorescent lamps has essentially two different chemical compositions: vapour-phase elemental 
mercury and divalent mercury adsorbed on the phosphor powder, the metal lamp ends, or other com-
ponents. The amount of mercury required in vapour form in the discharge to energize the lamp is 50 
micrograms – about 0.5 to 2.5% of the total placed in the lamp when manufactured (Dunmire et al., 
2003). Over time, the mercury in the tube reacts with phosphorus powder which coats the inside sur-
face of the tube, and it loses its efficacy. Therefore, there must be enough initial elemental mercury in 
the lamp so that at least 50 micrograms is available in vapour form even at the end of the lamp’s rated 
life (typically 5 years of use for linear tubes in commercial service, and about the same for CFLs in 
residential use). At the end of lamp life, most of the mercury is in divalent form. According to Floyd et 
al., 2002 (citing NEMA, 2000) 99% of the mercury present in lamps when disposed is embedded in 
the tube coating powder. 

821. Historically, manufacturers added mercury in quantities sufficient to ensure an adequate sup-
ply of available mercury in the tube throughout its life span. Recent advances in the development of 
fluorescent tubes have allowed manufacturers to reduce the amount of mercury necessary to account 
for an adequate lifespan of the tube (Bleasby, 1998, as cited in Environment Canada, 1999). 

5.5.3.2 Main factors determining mercury releases and mercury outputs 

822. In North America (USA, Canada, and Mexico), mercury releases from improper fluorescent 
light tube disposal have declined substantially over the last decade as a result of recycling programs 
and changes in design technology (Environment Canada, 1999). 

Table 5-111 Main releases and receiving media during the life-cycle of light sources with mercury 

Phase of life cycle Air Water Land Products General 
waste 

Sector specific 
treatment/ 

disposal 

Production X x x X  X 

Use x x x    

Disposal 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. 

823. Mercury emissions from fluorescent lamp manufacturing may occur during mercury handling 
operations and during lamp production. Handling operations that may result in mercury vapour emis-
sions include mercury purification, mercury transfer, and parts repair. During lamp production, mer-
cury may be emitted from the mercury injection operation and from broken lamps, spills, and waste 
material. (US EPA, 1997a). 

824. Since the mercury is contained is a sealed glass tube, it is not considered released during nor-
mal use. No release estimates were found. Lamps may break during use, but more likely the lamps 
break after they have been replaced, during temporary storage before they are properly disposed of. 
When these lamps break, elemental mercury, liquid mercury and phosphor powder with adsorbed mer-
cury can be released. In addition, mercury can be released from small pieces of glass and other lamp 
components, which are contaminated with mercury if they are not properly managed (NJ MTF, 2002).  
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825. The releases of mercury by disposal of the lamps depend of the disposal method. In many 
countries systems for collection of used mercury lamps for recycling exist. The collected lamps may 
be processed for recycling of the mercury-containing phosphorous powder for production of new 
lamps or the collected lamps may be processed for recovery of the mercury contained in powder.  In 
some countries the collected powder may be disposed of on landfills without recovery of the mercury. 
During recycling, mercury may be released from the cutting/crushing of lamps or from the recovery of 
mercury from the powder. Lamps disposed of to landfills will to a large extent break by the disposal 
and the mercury vapour will be released immediately to the atmosphere. The major part of the mercury 
in the lamps is bound to the phosphorous powder and will only slowly be released. By incineration of 
lamps the majority of the mercury will evaporate and be captured by the pollution abatement controls 
or emitted to the atmosphere. 

5.5.3.3 Discussion of mercury inputs 

Table 5-112 Overview of activity rate data and mercury input factor types needed to estimate releases 
from light sources with mercury 

Life-cycle phase Activity rate data needed Mercury input factor 

Production 

Total annual mercury consumption  
for lamp production. 

or 
Number of lamps produced per year,  

by lamp type 
 

(not relevant) 
 

or 
mg of mercury per lamp,  

by lamp type 

Use Number of mercury lamps supplied per year,  
by lamp type 

mg of mercury per lamp,  
by lamp type 

Disposal Number of mercury lamps supplied per year  
(5-10 years ago), by lamp type 

mg of mercury per lamp  
(5-10 years ago), by lamp type 

 

826. The mercury content of the lamps by type is used as input factor for all life-cycle phases. Ex-
amples of mercury content in lamps are shown in table 5.113. In general the amount of mercury in 
fluorescent light tubes has been reduced in the western world, and today the mercury content of fluo-
rescent tubes (double end) there range from 3 mg to 46 per tube.  

827. It has been reported by industry in the USA that the average mercury content of 4-feet lamps 
has been reduced from about 48 mg in 1985 to 42 mg in 1990, to 23 mg in 1994, and to 12 mg in 1999 
(NEMA, as cited in NJ MTF, 2002). The majority of fluorescent lamps in service in the USA in recent 
years are T12 lamps (about 3.3 cm in diameter), which contain an average of 22 mg (NJ MTF, 2002). 
T8 lamps (about 2.2 cm diameter), which are designed to be more energy efficient, also contain less 
mercury (about 14 mg) (MTF, 2002). However, since 1995 the mercury content in these T12 and T8 
lamps has been reduced due to the introduction of “low mercury” bulbs, with less than 10 mg mercury 
(NJ MTF, 2002). In Canada, the average mercury content in fluorescent lamps has fallen from 48.2 mg 
in 1985 to 27.0 mg in 1995, with an industry target to further reduce mercury content to 15.0 mg by 
2000 (Environment Canada, 1999). 

828. In the European Union the average for fluorescent tubes has been reduced from 15 mg in 1997 
to 10 in 2001 (Floyd et al., 2002). The average content of compact fluorescent tubes is reported to be 5 
mg in both 1997 and 2001.  

i) Production 

829. In 1995 in the USA, 30 tons of mercury was purchased for the manufacture of electric light-
ing, including fluorescent, mercury vapour, metal halide, and high-pressure sodium lamps (Plachy, 
1996, as cited in US EPA, 1997a). Lamps do not contain all of the mercury purchased for the manu-
facture; most of the mercury not retained in the lamps is returned to mercury recyclers for purification 
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and reuse. However, a small amount of the mercury input is loss to the environment during the pro-
duction process. In 1994, 15.7 metric tons of the 27 metric tons of mercury were actually contained in 
the lamps (NEMA 1996, as cited in US EPA, 1997a). 

830. In the European Union 5.9 tons mercury was used for production of mercury lamps, of this 4.0 
tons was use for production of double end fluorescent tubes, the remaining part for production of other 
lamp types (Floyd et al., 2003).  

ii) Use 

831. Mercury releases by breakage of lamps before it is disposed of can be estimated from the na-
tional consumption of mercury lamps and the estimated fraction of the lamps that break before dis-
posal. Consumption numbers of lamps may be obtained by direct contact to the main suppliers or from 
national trade statistics. See estimates on breakage rates below. 

iii) Disposal 

832. Mercury input to disposal is the mercury content in the light sources as supplied multiplied by 
the number of such items consumed a few years earlier (life-times of a few years, depending on type 
and use). This is important as mercury concentrations in the light sources may have changed in the 
past years in many countries. If no historical data are available, input data from current production can 
be used as an estimate for previous years. NJ MTF (2002) expects lamps discarded today to be about 5 
years old (NJ MTF, 2002). Skårup et al. (2003) estimate the life span of fluorescent light sources at 8-
10 years under Danish conditions. 

833. Examples of mercury content in light sources by type and region (for data) are presented in 
table 5.113 below. 

Table 5-113 Examples of mercury content in light sources in mg mercury per item, by type and origin of 
data 

Type of light source 
Mercury content in 

light source  
(mg Hg/item) 

Country/region 
for data Remarks 

Fluorescent tubes (dou-
ble end) 

15 (1997) 
10 (2002) 

European Union Floyd et al., 2002 

 15-45 Russia Yanin, 2004 
 10-22 USA DiFrancesco and Shinn, 2002 
 23-46 Canada Environment Canada, 2003a 
 3-4 Global Lowest content on the marked, based on 

information from manufactures  
Compact fluorescent 
lamp (CFL single end) 

5 European Union Floyd et al., 2002 

 10 Canada Environment Canada, 2003a 
 12-30 Russia Yanin, 2004 
High pressure mercury 
vapour  

30 European Union Floyd et al., 2002 

High pressure discharge 
lamps 

38 Russia Yanin, 2004 

High-pressure sodium 
lamps 

30 European Union Floyd et al., 2002 

 9 Russia Yanin, 2004 
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Type of light source 
Mercury content in 

light source  
(mg Hg/item) 

Country/region 
for data Remarks 

UV light for tanning 25 Denmark Maag et al. 1996 
 5 Russia Yanin, 2004 
Metal halide lamps 25 European Union Floyd et al., 2002 
 24 Russia Yanin, 2004 
 

5.5.3.4 Examples of mercury in releases and wastes/residues 

i) Production 

834. Based on data for 1994 in USA, a total of 27 metric tons of mercury were purchased for the 
manufacture of lamps at 4 facilities. About 15.7 metric tons of this mercury was contained in the 
product lamps.  Most of the remaining mercury was returned to recyclers.  One production facility re-
ported emissions of 0.21 tons for 1994, and the total emissions in 1994 for all 4 facilities during pro-
duction were estimated to be 0.4 tons mercury (US EPA, 1997a).  Emissions in 1995 were probably 
quite similar in magnitude (about 0.4 tons). 

835. No add-on controls have been identified for these production facilities.  However, methods to 
maintain low mercury levels are employed and include containment, air ventilation, temperature con-
trol, and isolation.  Mercury releases may occur during handling operations such as mercury purifica-
tion, mercury transfer, and repair of various parts.  During the production process, mercury may be 
emitted from injection operation and from broken lamps, accidental spills, and from various waste ma-
terials (US EPA, 1997a). 

ii) Use 

836. Floyd et al. (2002) estimate that 5% of the lamps break before they are disposed of. Based on 
the information that 99% of the mercury present in lamps is embedded in the tube coating, they esti-
mate that as a maximum 5% of the mercury in the broken lamps is released to the atmosphere while 
the remaining 95%, present in the phosphorous powder, is collected and disposed of with municipal 
solid waste. 

837. US EPA (1997c) discusses different estimates of overall atmospheric emissions rates from 
broken lamps. The estimates range from about 1.2-6.8 % of total mercury content and US EPA assume 
a central estimate of 3% of total mercury. The question of migration of mercury from the phosphorus 
powder is also discussed. Studies has demonstrated that for the uncovered broken lamp, emissions 
over a 20-day period totalled 1.28 mg out of the estimated total lamp content of 42 mg, or about 3% of 
the total mercury content of the lamp. 

838. Barr (2001) assumes that 5% of the mercury supplied with lamps is emitted to the air from 
breakage by the users.  

iii) Disposal 

839. The fate of the mercury used in lamps is dependent on many factors, especially the disposal 
methods of the country.  For example, in the USA, it is estimated that 13-15% of disposed lamps are 
recycled or disposed of as hazardous waste, and 85 to 87% are disposed in regular municipal solid 
waste (MSW) (NEMA, 2000 and US EPA, 1997a, as cited in NJMTF, 2002). In the early 1990s, only 
about 2% of lamps were recycled in the USA (US EPA, 1994).  However, since that time, the percent 
recycled has probably increased significantly in the USA. 

840. The US inventory of mercury releases estimates, based on a model from 1993, that 8% of the 
total mercury content of waste lamps is releases to the atmosphere from lamps breakage by transport 
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of the waste. The estimate is based on the assumption that all lamps break by collection and transport 
of the waste.  

841. Floyd et al. (2002) estimate correspondingly that 6% of the mercury in lamps disposed of to 
landfills will be emitted when the lamps break. In the European Union 75% of the lamps disposed with 
solid waste is landfilled, while the remaining 25% is incineration. 

842. For lamps that are recycled in effective, closed loop systems, most of the mercury is captured.  
Very little is expected to be released directly to the environment during the recycling process.  

843. About 700 million lamps were discarded in the USA in 1999.  Since these lamps were about 5 
years old, and probably contained an average of about 20 mg mercury, one can estimate that roughly 
14 metric tons of mercury were discarded in the USA in 1999.  Barr (2001) has estimated that about 
26 - 42% of this mercury is emitted to air, and that the remainder ends up on land (Barr, 2001). 
NJMTF estimates that 15 - 45% of the mercury in disposed lamps goes to air.  

844. Skårup et al. (2003) estimate the life span of fluorescent light sources at 8-10 years under 
Danish conditions. 

845. The long-term emission from the landfilled phosphorus powder is in general poorly under-
stood, but this source likely contribute to observed mercury emissions from landfills (see section 5.9). 

5.5.3.5 Input factors and output distribution factors 

846. Based on the so far compiled examples given above, the following preliminary default input 
and output distribution factors are suggested for use in cases where source specific data are not avail-
able. 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.  

a) Default mercury input factors 

Table 5-114 Preliminary default mercury input factors, by type of light source 

Type of light source Mercury content in light source, mg 
Hg/item (min - max) 

Fluorescent tubes (double end) 10 - 40 
Compact fluorescent lamp (CFL single end) 5 - 15 
High pressure mercury vapour  30 
High-pressure sodium lamps 10 - 30 
UV light for tanning 5 - 25 
Metal halide lamps 25 

 

b) Default mercury output distribution factors 

847. No output distribution factors were defined for light source production due to lack of data.  

848. As only very small amounts of mercury is emitted to the atmosphere from lamp breakage at 
the users, while most the mercury in broken lamps are discarded with wastes, no separate default out-
put distribution factors are defined for the use phase. 

849. For the disposal, outputs are extremely dependent on the actual waste management practices 
in each of the sectors where mercury thermometers are used, and the default factor given below are 
simplifications meant to raise the signal that substantial mercury outputs may follow each of the noted 
pathways. Quantifications of the actual waste streams in each of the sectors in the country will give a 
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more relevant picture of the mercury outputs from this products group. If no such specific quantitative 
data are available, the distribution factors given in the table below can be used. 

850. Note that the table only distributes outputs on direct releases to the environment and the two 
waste categories mentioned. The final destiny of mercury in wastes depends highly on the na-
tional/regional waste treatment scenario and the emission reduction designs involved. See descriptions 
of these issues in the sections covering general waste incineration (5.8) and landfills/deposition (5.9). 

851. Note also that in the default mercury output distribution factors mentioned here, informal 
dumping or incineration of waste is quantified as direct releases to air, land and water, as relevant. 
Beware of double-counting, if estimates of mercury releases are also made separately for informal 
dumping or incineration of waste. 

 

Table 5-115 Preliminary default mercury output distribution factors for production, consumption and 
disposal of light sources 

Default output distribution factors, share of Hg input 
2* 

Phase in life cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 
disposal *1 

Use and disposal (depending on actual waste 
management status in country):      

No or very limited separate lamps collection. All 
or most general is waste collected and handled in a 
publicly controlled manner 

0.05   0.95  

No or very limited separate lamps collection. 
Missing or informal collection and handling of 
general waste is widespread *3 

0.3  0.3 0.4  

Separate lamps collection with high collection 
rates. All or most general is waste collected and 
handled in a publicly controlled manner 

0.05   0.8 0.15 

 

Notes: *1 Recycling of light powder containing mercury for new lamps, or recycling of the mercury;  
*2 Mercury inputs to use and disposal are the amounts of mercury in the lamp types, combined with  
 disposed amounts of the respective lamp types. If annual supply data for 5-10 years earlier (for the  
 same lamp types) are available, they can be used as approximations for disposed amounts;  
*3 The distribution between air, land and general waste here is artificial, and is meant only to raise a  
 signal that significant mercury releases may follow these pathways in countries with widespread  
 informal waste handling such as diffuse dumping and informal waste incineration. Such waste  
 handling is considered here as direct releases to the environment. 

 

c) Links to other mercury sources estimation 

852. The estimated mercury outputs to separately collected waste and general household waste 
from this sub-category contributes to the mercury inputs to landfills/deposits (section 5.9) and house-
hold waste incineration (section 5.8).  

5.5.3.6 Source specific main data 

853. The most important source specific data would in this case be: 
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• Consumption of mercury-containing lamps, including imports; 

• National or regional trends in mercury concentrations in the various lamp types; 

• Estimated share of the supplied lamps that break during use; and 

• Setup end efficiency of waste management systems. 

854. Mercury-containing light sources are mainly produced in relatively few, larger production 
plants, and a point source approach to mercury release estimates from production is therefore recom-
mended, where possible.  

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

5.5.4 Batteries with mercury 
5.5.4.1 Sub-category description 

856. The use of mercury in various types of batteries has been extensive and it has been among the 
largest product uses of mercury. Mercury has mainly - or perhaps solely - been used in primary (that is 
non-rechargeable) batteries. 

857. Mercury is used in high concentrations (about 30-32% w/w) in mercury oxide batteries (some-
times called zinc-mercury batteries), where mercury oxide serves as the positive electrode in the bat-
tery. These have probably mainly been sold as button shape cells in the west, but also in larger cylin-
drical and other shapes. Marketing of mercury oxide batteries is now severely restricted in several 
countries, while some specific uses may still be exempted (for instance military uses in some coun-
tries).  In the USA, for example, mercury-oxide batteries are now prohibited, but were previously used 
in transistorized equipment, hearing aids, watches, calculators, computers, smoke detectors, tape re-
corders, regulated power supplies, radiation detection meters, scientific equipment, pagers, oxygen and 
metal monitors, and portable electrocardiogram monitors (US EPA, 1997a). 

858. In the following other battery types, mercury has served as reaction modifier, preventing gas 
development (and thus breakage) during use of the battery, and a corrosion inhibitor (US EPA, 1997a).  

859. Earlier, alkaline cylindrical cells on the European market had mercury concentrations of up to 
around 1%. Due to environmental restrictions on large western markets, mercury consumption with 
cylindrical alkaline batteries decreased, however, and most global battery brands are now produced 
without intentionally added mercury content. However, some nationally or regionally traded brands of 
alkaline batteries with mercury added, still exist.  

860. Button cell shaped batteries of alkaline, silver oxide and zinc/air types still contain mercury in 
most cases (at concentrations up to around 1% w/w).  

861. Other battery types are not considered to contain mercury today. Note that besides plain bat-
tery sales, batteries may be imported and exported in substantial amounts in the package of other 
products like electronics, toys, greeting cards with sounds etc. 
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5.5.4.2 Main factors determining mercury releases and mercury outputs 

Table 5-116 Main releases and receiving media throughout the life-cycle of batteries with  
mercury 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

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 national 
situation. 

i) Production 

862. The workplace procedures in battery manufacture, particularly for mercury oxide batteries, 
and product reject rates, may be an important factor determining the extent of releases.  

863. Note that many countries do not have domestic battery production, but rely on imports.  

ii) Disposal 

864. The actual mercury concentrations in the batteries supplied is of major importance for the ton-
nage of mercury released from this product category.  

865. For the category as such, the consumption of mercury oxide batteries is of particular impor-
tance, because of the relatively high mercury content.  

866. Besides the mercury content, however, the existence and efficiency of battery collection 
schemes, as well as the general waste management pattern, are the most important factors influencing 
mercury releases from batteries. The distribution of the mercury in disposed batteries to receiving 
pathways is highly dependent of the waste management practice in the country in question.  

867. In some countries parts of the used batteries are collected for safe handling of the mercury 
(and cadmium in other types) and possibly recycling. From North European experiences collection 
rates of about 50% are considered high, and in many cases less is collected, even when considerable 
information and collection efforts are made. Generally, separately collected batteries are expected to 
be deposited with a higher degree of safety than household waste. Recycling of batteries with mercury 
is probably not a widespread procedure today, though more extensive recycling of battery materials is 
under consideration in some countries.  

868. Even in countries with separate battery collection, major parts of the consumed batteries are 
disposed of with general household waste. For batteries in wastes lead to protected landfills, parts of 
the mercury will be released only slowly as the encapsulation is degraded, by gradual evaporation to 
the atmosphere, with slow leaching to waste water (or the ground water, if no membrane is used under 
the landfill), and perhaps ultimately in larger scale if excavation works occur (or even cli-
matic/geological changes). See the description of landfills/deposition in section 5.9. In cases of uncol-
lected, diffusely lost waste, or informal, un-protected waste dumps, the losses occur directly to land. 
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The actual evaporation or bio-availability of the contained mercury may be delayed several years or 
even decades, because the degradation of the battery encapsulation is expected to happen slowly. 

869. For batteries in wastes that end up in waste incineration, some of the mercury will be released 
to the atmosphere when incinerated, while other parts will remain in the solid incineration residues, 
and if applied, in flue gas cleaning residues, and subsequently deposited in landfills or other deposits, 
as described in section 5.8. In case of informal waste incineration, parts of the mercury will evaporate 
and be released to the atmosphere, while other parts will stay in solid residues and be lost to land.  

5.5.4.3 Discussion of mercury inputs 

Table 5-117 Overview of activity rate data and mercury input factor types needed to estimate releases 
from batteries with mercury 
 

Life-cycle phase Activity rate data needed Mercury input factor 

Production Metric tons of batteries produced  
per year (in the country) 

Kg of mercury released per kg  
of mercury in produced batteries 

Use Not needed (Releases negligible) Not needed (Releases negligible) 

Disposal 
Metric tons of batteries supplied  

per year a battery lifetime ago *1, 
of each battery type 

Kg mercury per metric ton  
of batteries supplied of each type 

 
Notes: *1: As a substitute for metric tons disposed of per year. If good estimates of amounts of batteries  
disposed of annually exist, these should preferably be used. In times of changing consumption or substitu-
tion with mercury-free batteries, the current supply and current disposal will differ from each other. 
 

Production 

870. Input data on mercury to production of the different mercury containing batteries may not be 
generally available (except by direct contact to manufacturers). Estimating releases from production as 
a percentage of the expected mercury content in the battery type in question may be an easier approach 
for a first estimate. See examples of mercury content and releases from production below.  

Disposal 

871. Mercury input to disposal is the mercury content in the batteries as supplied, multiplied by the 
number of batteries (of the same type) that are disposed of. Note that mercury disposal with batteries 
reflects battery mercury content from earlier years (life-times of a few years, depending on type and 
use). This is important, as mercury concentrations in batteries have changed in the last few years in 
many countries. If no historical data are available, input numbers from current supply can be used as 
an estimate.  

872. Examples of mercury content in batteries per type and region (for data) are presented in table 
5-118 below. 
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Table 5.118 Examples of mercury content in batteries in g mercury per kg of batteries, per type and ori-
gin of data 

Battery type 

Mercury con-
tent in battery 
(kg Hg/metric 
ton batteries) 

Country/region 
for data Remarks 

Mercury oxide (all 
sizes); also called zinc-
mercury cells 

320 European Union Floyd et al. (2002). The sale of mercury oxide 
batteries is prohibited in the EU since 2000. 

Zinc-air button cells 12.4 European Union EBPA (industry) data as cited by Floyd et al. 
(2002). Probably mean values, as mercury con-
centrations may vary somewhat.  Mercury con-
tent in button cells above 20 kg/metric ton bat-
tery are prohibited in the EU since 2000. 

Alkaline button cells 4.5 - 10 *1  European Union Remarks identical as for zinc-air. 10 kg/metric 
ton is an older value from Scandinavia (early 
1980's). 

Silver oxide button cells 3.4 - 10 *1 European Union Remarks identical as for zinc-air. 10 kg/metric 
ton is an older value from Scandinavia (early 
1980's). 

Alkaline, other than  
button cell shapes 

"0" - 10 *1 European Union Most internal brands are mercury free today, but 
some nationally or regionally traded brands of 
alkaline batteries with mercury added, still exist. 
Non-button alkaline cells with mercury content 
above 0.25 kg/metric ton battery were prohibited 
in the EU since 1993, while content above 0.005 
kg/metric ton are prohibited since 2000. 

Notes: *1: 10 kg/metric ton is an older value from Scandinavia (early 1980's). Used here to illustrate potential 
maximum values in battery brands produced with older technology. 

5.5.4.4 Examples of mercury in releases and wastes/residues 

Production 

873. US EPA (1997a) reports an example of one mercury oxide production facility where ventila-
tion air from the production rooms was filtered with particle retaining fabric filters and a charcoal fil-
ter, where only 0.1% (1 g/kg) of the mercury used in the production was released to the atmosphere. 
Presumable, additional amounts of mercury were disposed with used filter material, but this is not re-
ported. US EPA states that this example should be used with caution, because of questionable data 
quality, and because other battery manufacturers may not have similar emission reduction equipment.  

874. Another example have been reported from Russia where up to about 27% of the mercury used 
for mercury oxide battery production was lost during the production, with rejected products and other 
solid waste (24%), with releases to waste water (2%) and the atmosphere (1%); (Lassen et al., 2004). 

875. Regarding production of other battery types with much lower mercury content, release per-
centages could be similar to mercury oxide battery production.  

ii) Disposal 

876. In Denmark an estimated 20-30% of the button cell consumption was collected separately in 
2001, while the number was higher - an estimated 30-60% - for larger alkali batteries (Hansen and 
Hansen, 2003). The remaining parts of the batteries were expected to be disposed of with household 
waste, of which most ended up in waste incineration. Diffuse, informal waste dumping or incineration 
is deemed negligible in Denmark. Mercury disposal with batteries reflects battery mercury content 
from earlier years, therefore mercury oxide still represented the majority of the mercury re-
leases/wastes from batteries in Denmark in 2001 (after mercury oxide sales were prohibited in 2000; 
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Skårup et al., 2003). In the Netherlands collection efficiency across all battery types can be estimated 
at about 50-70% of the potential, depending on how the collection efficiency is calculated. Collection 
rates at or slightly below this level were also reported for the (large) municipality of Göteborg in Swe-
den (based on Hansen and Hansen, 2003). These examples are likely to be among the highest collec-
tion rates among current battery collection schemes.  

5.5.4.5 Input factors and output distribution factors 

877. Based on the so far compiled examples given above, the following preliminary default input 
and output distribution factors are suggested for use in cases where source specific data are not avail-
able. 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.  

 

a) Default mercury input factors 

Table 5-119 Preliminary default mercury input factors, by battery type 

Battery type Mercury content in battery (kg 
Hg/metric ton batteries) 

Mercury oxide (all sizes); also called mercury-zinc cells 320 

Zinc-air button cells 12 

Alkaline button cells 5 

Silver oxide button cells 4 

Alkaline, other than  button cell shapes 0.25 *1 

Notes: *1 In EU countries an input factor of 0.005 kg/metric ton should likely be used. 

 

b) Default mercury output distribution factors 

878. Note that the output factors for battery production are only relevant for countries with domes-
tic production. Inputs to production are actually the purchases of mercury for the production (of which 
some is lost during production), but they can be estimated from concentrations in the batteries com-
bined with data on production volumes.  

879. As regards disposal, quantifications of the actual waste streams in the country will give a more 
relevant picture of the mercury outputs from this products group. If no such specific quantitative data 
are available, the distribution factors given in the table below can be used. They are simplifications 
indicating main trends only, set with the aim of raising the signal that substantial releases may occur to 
these pathways.  

880. Note that the table only distributes outputs on direct releases to the environment and the two 
waste categories mentioned. The final destiny of mercury in wastes depends highly on the na-
tional/regional waste treatment scenario and the emission reduction designs involved. See descriptions 
of these issues in the sections covering general waste incineration (section 5.8) and landfills/deposition 
(section 5.9). 

881. Note also that in the default mercury output distribution factors mentioned here, informal 
dumping or incineration of waste is quantified as direct releases to air, land and water, as relevant. 
Beware of double-counting, if estimates of mercury releases are also made separately for informal 
dumping or incineration of waste. 
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c) Links to other mercury sources estimation 

882. The estimated mercury outputs to separately collected waste and general household waste 
from this sub-category contributes to the mercury inputs to landfills/deposits (section 5.9) and house-
hold waste incineration (section 5.8).  

Table 5-120 Preliminary default mercury output distribution factors for battery production and disposal 

Default output distribution factors, share of Hg input 

Phase in life cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 

disposal 

Production *2 0.005 0.005 ? ? 0.01 

Disposal (Actual waste management status in 
country) *4:      

No or very limited separate battery collection. All 
or most general is waste collected and handled in a 
publicly controlled manner 

   1  

No or very limited separate battery collection. 
Missing or informal collection and handling of 
general waste is widespread 

0.25  0.25 0.5  

Separate battery collection with high collection 
rates. All or most general is waste collected and 
handled in a publicly controlled manner 

   0.6 0.4 *1 

Notes: *1 For button cell batteries, this category will often be special deposits with higher safety guards against 
 mercury releases;  
*2 Outputs in share of mercury amounts in produced batteries. Note that output factors for battery  
 production are only relevant for countries with domestic production;  
*3 High separate collection rates for batteries combined with a high degree of informal general waste  
 handling is not deemed a relevant combination, as separate collection is often an advanced step  
 following high general standards;  
*4 Mercury inputs to disposal are the concentrations of mercury in the battery types, combined with  
 disposed amounts of the respective battery types. If annual supply data for a few years earlier  
  (for the same battery types) are available, they can be used as approximations for disposed amounts. 

5.5.4.6 Source specific main data 

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

• Consumption of mercury oxide batteries; including imports (also imports incorporated in other 
products such as toys, greeting cards etc.) 

• National or regional trends in mercury concentrations in other batteries (local brands, na-
tional/regional regulation etc.); and  

• Setup end efficiency of waste management systems. 

884. Regarding mercury oxide batteries, it is an often encountered problem that national trade sta-
tistics are often severely inaccurate, because these batteries are normally sold in small quantities and 
are therefore very vulnerable to miss-categorization of other batteries in traders' reports to the statistics 
bureaus. This has consequences, because even moderate reported sales of mercury-oxide batteries may 
represent mercury turnover exceeding by far the total mercury consumption with other battery types.  
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885. Most likely, batteries are mainly produced in relatively few, larger production plants, and a 
point source approach to mercury release estimates from production is therefore recommended, where 
possible.  

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

5.5.5 Biocides and pesticides 
5.5.5.1 Sub-category description 

887. Many mercury compounds are toxic to microorganisms, and mercury compounds have been 
used in biocides in paper industry (slimicides in the production - see section 5.3.2), in paints (dis-
cussed separately in section 5.5.6), and on seed grain and other agricultural applications. These uses 
have been discontinued or banned in many countries (UNEP, 2002). 

888. A major biocide use of mercury compounds have been seed dressing. The use of sow seed 
with mercury based seed dressing for bread baking was the cause of two severe mercury intoxication 
incidents in Irak some decades ago (UNEP, 2002). 

889. In the former Soviet Union the production of the organomercuric pesticides was initiated in 
1955 with a production of 5 metric ton/year reaching a maximum of 200 metric ton/year by 1960 
(Lassen et al. 2004) The production in the Russian Federation has ceased, but it is estimated that in 
recent years 20-40 metric tons has annually been used from stocks (Lassen et al., 2004). The main 
compound is ethyl mercury chloride with a mercury content of 1.9-2.3 % in the pesticide, but 14 dif-
ferent compounds have been applied as pesticides in the country. 

890. In Australia, a liquid fungicide product contains 120 g/l of mercury as methoxy-ethyl mercuric 
chloride to control pineapple disease in sugarcane sett. (UNEP, 2002) 

891. In India the use of organy mercurial pesticides in 1999-2000 reported by the Directorate of 
plant protection was 85 metric tons (Wankhade, 2003). During the period from 1995 to 2000 no pro-
duction, import or export was reported indicating that the consumed pesticides originate from stock-
piles (Wankhade, 2003). Formerly a number of mercury-based pesticides were used in India, but today 
most are banned.  
 

5.5.5.2 Main factors determining mercury releases and mercury outputs 

Table 5-121 Main releases and receiving media during the life-cycle of biocides and pesticides with 
mercury 

Phase of life cycle Air Water Land Products 
Gen-
eral 

waste 

Sector specific 
treatment/ 

disposal 

Production ? ? ? X ? ? 

Use (pesticides) X X X  x x 

Disposal  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 situa-
tion; 
? -  Releases may occur, but no data are available on this aspect. 
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892. No data are available as regards the possible mercury releases from production of mercury 
based biocides. 

893. For the biocide/pesticide use, the most important factors deciding the releases are the mercury 
concentration in the used products, and the way these products are applied. As pesticides may have 
been a domination use (besides paints - see section 5.5.6), the indications of release pathways in table 
5-121 refer to this use. While the majority of the product in use will end up on land, some will likely 
end up in water through disposal of unused amounts, washing of the equipment used, leaching to 
ground water and runoff with surface water. Unused product, including stocks of obsolete pesticides, 
may be lost diffusely or disposed of with normal waste or through special disposal programs. 

5.5.5.3 Discussion of mercury inputs 

Table 5-122 Overview of activity rate data and mercury input factor types needed to estimate releases 
from biocides and pesticides 

Life-cycle phase Activity rate data needed Mercury input factor 

Pesticide use Amount of pesticides used Mercury concentration  
in the used pesticides 

 

894. Besides the data given above, no data were found on mercury concentrations in pesticides and 
other biocide uses than paints and pharmaceuticals (see sections 5.5.6 and 5.5.7, respectively). 

5.5.5.4 Examples of mercury in releases and wastes/residues 

895. In some countries significant amounts of obsolete pesticides are stored in farm house and 
warehouses under inadequate conditions.  

896. In the Russian Federation, the amount of mercury containing pesticides stored in warehouses 
(except landfills) and requiring destruction or storage at the special landfills is supposed to exceed 
1,000 metric tons containing about 20 metric tons of mercury (Lassen et al., 2004). 

5.5.5.5 Default input factors and output distribution factors 

897. Due to lack of data, no default factors were defined for this source category. Collection of 
specific data is recommended in countries where pesticide/biocide use takes place. 

5.5.6 Paints 
5.5.6.1 Sub-category description 

898. Phenyl mercuric acetate (PMA) and similar mercury compounds were formerly widely added 
as biocide to water based paints and may still be used in some countries. These compounds were used 
to extend shelf-life by controlling bacterial fermentation in the can (in-can preservatives) and to retard 
fungus attacks upon painted surfaces under damp conditions (fungicides).   

899. In the USA the use of mercury biocides in paint ended in 1991. In the USA before the ban in 
1991, mercury compounds were used in 25 to 30 % of all interior latex paint (it was not used in oil 
based paint), and in 20 to 35 % of outdoor latex paint (Heier, 1990).  

900. For the Global Mercury Assessment (UNEP (2002) Thailand reports that less than 25% of the 
paint factories in Thailand still use mercury as an additive in the process and in quantities of not more 
than 0.5 % of total weight. It is probable that mercury is used as preservative in paint in other coun-
tries, but the status of mercury based paint manufacture and use in other countries is uncertain. 
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901. Also, inorganic mercury compounds of very low solubility were formerly used as additives in 
marine coatings and paints to prevent fouling of boat hulls by bacteria and other marine organisms.  
This use had largely been discontinued by the mid-1970s (US DOC, as cited in NJ MTF, 2002).  

 

5.5.6.2 Main factors determining mercury releases and mercury outputs 

Table 5-123 Main releases and receiving media during the life-cycle of paints with mercury 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Production *1 x x x X x x 

Use X x   x  

Disposal     x x 

Notes: *1 Mercury releases from production of paints and their ingredients may likely take place, but  
 no data are available to describe such releases. The releases in the use phase are likely much 
 higher, because most of the mercury compounds used is expected to follow the produced paints; 
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. 

902. No data are available to describe the potential mercury releases from production of paints. 

903. Some studies suggest that when mercury-containing paints were applied, the painted surfaces 
released elemental mercury to the air (US EPA, 1992 and Agos et al., 1990). NJ MTF (2002) reports 
that air is the major receiving media of these releases (NJ MTF, 2002). The half-life of mercury in 
these paints has been estimated to be about 1 year i.e. that half of the mercury content is released each 
year (NJMTF, 2002). Releases from paints in the USA (and possibly other countries) were significant 
until recent years. About 227 metric tons of PMA and other mercury compounds were used per year in 
paints in the USA between the mid 1960s and 1991. Assuming that all of the mercury used in these 
paints is eventually released to the environment, and that the half-life is roughly 1 year, one can esti-
mate that from the late 1960s to early 1990s, roughly 227 metric tons of mercury were released per 
year in the USA to the environment from these paints. However, given the relatively short half life of 
these paints and since the use was stopped in 1991, today releases from this source in the USA are ex-
pected to be rather low. (See NJ MTF, 2002 for more discussion and analysis on this issue).  

5.5.6.3 Discussion of mercury inputs 

Table 5-124 Overview of activity rate data and mercury input factor types needed to estimate releases 
from paints with mercury 

Life-cycle phase Activity rate data needed Mercury input factor 

Use and disposal Consumption of mercury containing 
paint in metric tons per year 

Mercury concentration in the used paints; 
g mercury per metric tons of paint 

 

904. The most important data needed to estimate releases from paints would be data on concentra-
tion of mercury in the paints used, amount of paints used, time (what years) these paints were used, 
and an indication of how quickly mercury is released from the applied paints (for example the half-life 
of mercury in the paints). Also, it is very useful to know what year the use of these paints ended, if so,  
in the country under study. 
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905. The information on actual concentration of mercury in paints is scarce. Before the ban in 1991 
the US EPA permitted interior latex paint to contain less than or equal to 300 ppm (0.03%) elemental 
mercury and exterior latex paint to contain less than or equal to 2000 ppm (0.2%; MMMW, 1990) The 
actual concentration varied. Husar and Husar quote an assessment reporting interior latex paint mer-
cury concentration of 45 ppm, and exterior paint concentrations of 1,050 ppm based on interviews of 
US paint companies in 1990s (Husar and Husar, 2001).  

906. In a reported incidence of mercury poisoning in 1989 in the US, the walls were painted with 
latex paint containing 930-955 ppm mercury. (MMWR, 1990).  

907. From Australia Alphen (1998) reports about a paint additive containing 37 g Hg/L; added to 
paint at the recommended rate of it would result in 460 mg Hg/L (Alphen, 1998). Alphen further re-
port that paints having in excess of 300 ppm mercury had been encountered in a limited survey of 
South Australian paints. As mentioned above, Thailand reports that less than 25% of the paint facto-
ries in Thailand still use mercury as an additive in the process and in quantities of not more than 5000 
ppm (0.5%) by total weigh. In Costa Rica, the regulation on the content of lead and mercury in paints 
sets a maximum limit of mercury in paints to 50 ppm (0.005 %) (UNEP, 2002). 

5.5.6.4 Examples of mercury in releases and wastes/residues 

908. By the application of the paints a minor part of the paint will be discharged with waste water 
by cleaning of the equipment and a part remaining in the cans will be disposed of with solid waste. 
Bass (2001) estimate that about 5 % is discharged with waste water, 3% ends up in municipal solid 
waste while the remaining 92% is emitted to air from the paint after application.  

909. With a reported half-life of one year almost all mercury will be emitted from the paint. 

5.5.6.5 Input factors and output distribution factors 

910. Due to lack of data, no default factors were established for production of paints and their in-
gredients. 

911. 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 paint 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 pre-
liminary and subject to revisions as the data base grows. 

912. 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 

913. Actual data on mercury levels in the paints used will lead to the best estimates of releases. 

914. If no other indications are available on the mercury concentration in the paints, a first estimate 
can be formed by using the default input factors selected in table 5-125 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 category (but not the absolute mini-
mum), and the high end factor is expected to result in a high end estimate. 
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Table 5-125 Preliminary default input factors for mercury in paints 

Material 
Default input factors; 
g Hg/metric ton paint;  

(low end - high end) 

Paints with mercury based biocides 300 - 5000 
 

b) Default mercury output distribution factors 

915. The default mercury output distribution factors for paint use are based on the estimates of Bass 
(2001) as described above. 

Table 5-126 Preliminary default mercury output distribution factors for use of paints 

Default output distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 
disposal *1 

Use of paint (application and when applied) 0.92 0.05  0.03  
 

c) Links to other mercury sources estimation 

916. No links suggested. 

5.5.6.6 Source specific main data 

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

• Mercury concentrations in mercury-containing paints used; and 

• Amounts of mercury-containing paints used annually. 

5.5.7 Pharmaceuticals for human and veterinary uses 
5.5.7.1 Sub-category description 

918. Mercury has been used in various pharmaceuticals such as vaccines, eye drops, some herbal 
medicines and other products, functioning mainly as preservatives (COWI, 2002). For example, 
thimerosal/thiomersal (ethyl thiosalicylate) has been used for decades in vaccines to prevent growth of 
various pathogens. The use of mercury in vaccines and eye drops and some other pharmaceuticals has 
decreased significantly in recent years (UNEP, 2002).  However, the production and use still occurs, 
also in Western countries.  Releases may occur during production, use and disposal of these products 
(UNEP, 2002 and COWI, 2002).  

919. According to information submitted from the Australian government for the preparations for 
the 23rd session of the UNEP Governing Council and the use in the Global Mercury Assessment 
(UNEP, 2002), there are a number of veterinary chemicals containing mercuric chloride (one product), 
phenyl mercuric nitrate (five products) and sodium ethlymercurithiosalicylate (97 products). In many 
of these products the mercuric compound is not the active ingredient (e.g. some vaccines contain small 
amounts of  thiomersal – sodium ethylmercurithiosalicylate), and  a "counter irritant" for horses con-
tains mercuric chloride at 3 g/L and is used topically to treat leg injuries, soreness and musculoskeletal 
conditions. 
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920. According to Skårup et al. (2003), mercury is still used as a preservative in certain vaccines 
used in Denmark; in about half of the influenza vaccines consumed, and in vaccine for "Japanese En-
cephalitis". The influenza vaccines contain 50 µg thimerosal per dose (vaccines are supplied as single 
dose units in Denmark, contrary to many developing countries). With this very small amount per dose, 
the total consumption of thimerosal (mercury compound), the total consumption with influenza vac-
cines in Denmark (ca. 5 million inhabitants) is below 20g mercury/year. 

921. The use of mercury compounds in vaccines may be much more prevalent in other countries, 
perhaps especially in developing countries and other countries where vaccines are supplied in multi-
ple-dose units, and demands for preservatives may therefore be higher. Most likely, the mercury 
amounts used are, however, minimal compared to other mercury uses such as dental fillings, ther-
mometers, blood pressure gauges, batteries, etc. 

Table 5-127 Other examples of pharmaceuticals containing mercury 
 

Pharmaceutical/  
mercury compound Reported use Reference 

Thimerosal, C9H9HgNaO2S Preservative widely used in  
pharmaceuticals and vaccines NIH, 2004 

Phenylmercuric acetate, 
C8H8HgO2 

Preservative in pharmaceuticals NIH, 2004 

Phenylmercuric nitrate, 
C6H5HgNO3 

Preservative in pharmaceuticals NIH, 2004 

Mercurochrome Treatment of cuts SH, 2004 
 
 

922. Another major ancient use of mercury in pharmaceuticals was in medicals against syphilis. No 
records of present use for this purpose have, however, been encountered. 

923. Mercury in pharmaceuticals will be released through the body to waste water or land, and un-
used products may be disposed of as general or hazardous waste depending on prevalent waste man-
agement practices. 

924. No attempt was made to establish default input factors and output distribution factors for this 
sub-category. 

5.5.8 Cosmetics and related products 
5.5.8.1 Sub-category description 

925. Mercury has been used in skin lightening creams, soaps, and as preservatives in some eye 
cosmetics. These products are rare or non existent in some countries. The production and use has de-
creased significantly in the West over the past decades. However, in other countries production and 
use continue. Releases may occur during production, use and disposal of these products (UNEP, 2002 
and COWI, 2002). 
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5.5.8.2 Main factors determining mercury releases and mercury outputs 

Table 5-128 Main releases and receiving media during the life-cycle of cosmetics and related products 
with mercury 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Production ? ?  X ?  

Use  X     

Disposal     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 situa-
tion; 
? -  Releases may occur, but no data are available on this aspect. 

5.5.8.3 Discussion of mercury inputs 

Table 5-129 Overview of activity rate data and mercury input factor types needed to estimate releases 
from cosmetics and related products with mercury 

Life-cycle phase Activity rate data needed Mercury input factor 

Use Metric tons of mercury-containing 
cosmetics used 

g mercury per metric tons cosmetics 
used 

 

926. The soap and cream is meant to be applied to the skin, then left to dry and left on overnight. 
The soaps contain up to 3% of mercury iodide (HgI2) and the creams contain up to 10% ammoniated 
mercury (OECD, 1994).  

927. The use of skin lightening cosmetics is widespread in many African countries. Approximately 
25% of 210 questioned women in Bamako, Mali, used skin bleaching agents (Mahe et al., 1993). 
Among these, 11% used mercury containing products; whereas 16% used agents of unknown compo-
sition. In Dakar, Senegal, 53% of 425 questioned women were current users of skin bleaching agent. 
Ten% of the product contained mercury iodide and 13% was of unknown composition (Guidice and 
Yve, 2002). In Lagos, Nigeria, 77% of 440 interviewed traders (women and men) used skin lightening 
cosmetics (Adebajo, 2002). Hydroquinolone based products were the most commonly used products, 
but cortico-steroids and mercury-based products were also widely used.  

928. In a survey of 536 women in Lome, Togo, mercury derivatives were the active ingredient in 
31% of the used cosmetics. (Pitche et al., 1997). In Kenya fourteen types of toilet soap were collected 
in Kisumu and analysed (Harada et al., 2001). The analyzed European-made soaps contained 0.47-1.7 
% mercury (as mercury iodide) whereas the mercury content of the domestically made soaps was at 
trace content level. Glahder et al. (1999) report the analysis of mercury in three brands of soaps pur-
chased in Tanzania. According to the declaration the soaps contained 2% mercury iodide. The ana-
lysed mercury content was 0.69% (as mercury); about 78% of the declared content. 

929. The use of mercury-containing cosmetics has in recent year been banned in many African 
countries and the widespread use of mercury containing cosmetics may today not take place in some 
of the countries mentioned above. 

930. The use if mercury containing skin-lightening soap may also take place in European countries, 
despite an EU wide ban of their use. The Danish EPA found in 2000 through a survey, 7 types of mer-
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cury-containing soaps marketed in Denmark (Danish EPA, 2000). The soaps contained 1-3 % mercury 
iodide.  

931. Formerly a significant amount of mercury was used in Europe for production of mercury con-
taining cosmetics which was exported to other parts of the world. For example, Ireland imported 17 
metric tons of mercury in 1999 for use in soaps, which were subsequently exported from the EU 
(Maxson, 2004). The production of mercury containing cosmetics was banned in 2003 under Annex 5 
of EU Regulation implementing the Rotterdam Convention. 

932. Mercury biocides may be used in some eye cosmetics at very low concentrations. 

933. It has not been possible to identify estimates of the total consumption of mercury with cosmet-
ics from any country. The use of mercury containing cosmetics is a health issue for people using these 
cosmetics. Accordingly, while release data for this use may be difficult to obtain, and will likely be 
small if estimated, the health implications for this use may warrant priority attention. 

5.5.8.4 Examples of mercury in releases and wastes/residues 

934. It has not been possible to identify any assessments of the fate of mercury used in cosmetics. 
The main pathway is assumed to be releases to water when the cosmetics are removed by washing. A 
small part left in the tubes and containers may be disposed of with general waste.  

5.5.8.5 Input factors and output distribution factors 

935. Due to lack of data, no default factors were established for production of cosmetics and their 
ingredients. For similar reasons, no default factors were established for other cosmetics than skin 
lightening products. 

936. 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 of skin 
lightening creams and soaps, 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. 

937. 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 

938. Actual data on mercury levels in the creams and soaps used will lead to the best estimates of 
releases. 

939. If no other indications are available on the mercury concentration in these cosmetics, a first 
estimate can be formed by using the default input factors selected in table 5-130 below (based on the 
data sets presented in this section). Because concentrations vary so much, it is recommended to calcu-
late 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 abso-
lute minimum), and the high end factor is expected to result in a high end estimate (but not the abso-
lute maximum). 
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Table 5-130 Preliminary default input factors for cosmetics and related products containing mercury 

Material 
Default input factors; 

g Hg/metric ton cream/soap;  
(low end - high end) 

Skin lightening creams and soaps 
with mercury 

10.000 - 50.000 

 

b) Default mercury output distribution factors 

940. The following default mercury output distribution factors for skin lightening soap and creams 
are based on assumptions regarding use and disposal. 

Table 5-131 Preliminary default mercury output distribution factors for use and disposal of cosmetics 
containing mercury 

Default output distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land General 

waste 

Sector specific 
treatment/ 

disposal 

Use and disposal of cosmetics with mercury  0.95 0.05   
 

c) Links to other mercury sources estimation 

941. No links suggested. 

5.5.8.6 Source specific main data 

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

• Mercury concentrations in mercury-containing cosmetics used; and 

• Amounts of mercury-containing cosmetics used annually.
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5.6 Other intentional product/process uses 

Table 5-132 Other intentional products/process uses: sub-categories with primary pathways of releases 
of mercury and recommended inventory approach 

Chapter Sub-category  Air Water Land Product Waste/ 
residue 

Main in-
ventory 

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 

5.6.4 Mercury metal use in religious ritu-
als and folklore medicine  X X X X X OW 

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

5.6.1 Dental mercury-amalgam fillings 
5.6.1.1 Sub-category description 

943. Dental amalgam fillings consist of an alloy of mercury, silver, copper and tin (typically about 
44-51% mercury by weight). The alloy is typically supplied to the dentists either: 1) as pure mercury 
along with a powder mix of the other metals, which are weighed and mixed in an agitator in the clinic; 
or 2) as small capsules where mercury and the metal powder are present in the right formula and only 
need to be mixed (in the capsule before opening) in the clinic, prior to filling the cavity in the tooth 
(COWI, 2002). Other variants of the same principles may occur. 

944. Mercury is released to air, water, and wastes during the production, use and disposal of the 
amalgam fillings (such as following the removal of fillings or teeth containing fillings during medi-
cal/dental procedures, or through lost teeth).  Also, releases can occur at the end of life of a person 
with fillings.  For example, dental amalgams are a major factor determining mercury releases to air 
from crematoria (see section 5.10.1). 

945. In the dental clinic parts of the mixed amalgam filling is filled into the cavity, but there is al-
ways an unused rest, which is often collected for waste disposal or recycling (especially due to the sil-
ver value). Often the filling is adjusted in the surface which releases a little amalgam particles to the 
waste water system. Also at the routine renewal of amalgam fillings, the old filling is drilled out, and 
amalgam particles are lead to the waste water system. Often larger amalgam particles from such opera-
tions will be withheld in a mesh filter in the water suction system, from where they can be retrieved 
for waste disposal of recycling. In countries with strict waste water regulations for dental clinics, the 
clinics may have an additional central filter which is much more effective than the coarse mesh filter 
in retaining mercury amalgam from the waste water. In addition, teeth with amalgam fillings may be 
removed in the clinic, and disposed of as general waste or separately collected hazardous waste, or 
sent for recycling. In Denmark, and perhaps also in other countries, a substantial number of extracted 
teeth are sent to dental schools for the use in practical dentist teaching (Maag et al., 1996; Skårup et 
al., 2003). 
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5.6.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-133 Main releases and receiving media during the life-cycle of dental mercury-amalgam fillings 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 
disposal *1 

Production/supply of materials 
for fillings    X   

Dental preparations and proce-
dures at dental offices x X   X X 

Use (while in peoples mouths)  x     

Disposal  X   X X 

Notes: *1: Separate collection for treatment as hazardous/medical waste or for recycling; 
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. 

946. Releases of mercury could take place during processing/packaging of mercury and capsules at 
the producers/suppliers, but the releases may be minimal due to the simple processing. No emissions 
controls are known to be used in production in USA. Small fractions of mercury are released to air in 
the dentist clinic. 

947. The most important aspects influencing mercury releases from dental amalgam are as follows: 

• The amounts of dental amalgam used per person (capita) in the country, reflecting both the gen-
eral dental care standard in the population, and the extent of use of alternative dental filling mate-
rials (plastic composites, ceramics or cast gold crowns); 

• The presence of modern high-efficiency amalgam filters in the dental clinics waste water system. 
If present, they may collect 90 - 99.9 % of the amalgam input to the waste water in the clinic. If 
only the coarse mesh filters (strainers) are used, most of the amalgam - perhaps 80 - 90% based 
on the Danish studies - is lost to the public waste water system (or released to the environment if 
no such system exists); 

• The fate of amalgam waste (excess amalgam from new fillings, in collected filter material and in 
extracted or lost teeth). It may be collected separately for recycling or other treatment as hazard-
ous/medical waste, or it may be disposed of with general waste to landfills, incineration or other 
waste treatment as prevailing in the country. 

948. Losses of mercury from fillings during use (while still in the mouth) are taking place continu-
ously at very low rates. Until recently, these mercury outputs have been deemed negligible by some 
researchers, but a 2001 study from the capital of Sweden, Stockholm, indicated that about 44% of the 
total mercury inputs to waste water treatment originated from amalgam fillings in the mouth, while 
only about 21% of the total mercury inputs to waste water treatment originated from dental clinics 
(Sörme and Lagerkvist, 2002; Sörme et al., 2003). The mercury release estimates from amalgam in the 
mouth of inhabitants were based on excretion rates of 60 µg/ (day*person) with feces and urine (citing 
Skare and Engquist, 1994), and did not include contributions from food intake (Sörme and Lagerkvist, 
2002; Sörme et al., 2003). These results should be seen in the context that other mercury input sources 
to waste water are likely minimal in Sweden compared to many other places in the world (Sweden is 
perhaps one of the countries where mercury has been regulated most strictly for several decades). 
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5.6.1.3 Discussion of mercury inputs 

Table 5-134 Overview of activity rate data and mercury input factor types needed to estimate releases 
from dental mercury-amalgam fillings 

Life-cycle phase Activity rate data needed Mercury input factor 

Production of ingredients Mercury purchased for the  
production per year 

Mercury loss per Kg mercury pur-
chased for production 

Preparations of fillings in 
the teeth at dentist clinics 

Number of amalgam fillings  
made per year 

or 
National population 

g mercury used for preparation of 
one amalgam filling 

or 
Estimated mercury consumption for 

amalgam fillings per capita 
Use  

(while in peoples mouths) National population Estimated mercury excretion per 
capita per year 

Disposal 

Number of amalgam fillings made 
per year 10-20 years ago 

or 
National population 

g mercury used for preparation of 
one amalgam filling 

or 
Estimated mercury consumption  
for amalgam fillings per capita  

10-20 years ago 
 

949. Based on data from Denmark, depending on size and type of filling, about 0.4-1.2 g of mer-
cury is used per filling on average, including excess amalgam; about 0.4 g mercury for a one surface 
filling and about 1.2 g for a filling on three surfaces of the tooth. Based on detailed Danish data on the 
types of fillings actually made, the average mercury consumption per filling is about 0.8 g Hg/filling 
(based on Maag et al., 1996, and Skårup et al., 2003). Similar quantities per filling may be used in 
other countries. 

Table 5-135 Reported annual mercury consumption for dental fillings in selected countries, in total and 
per inhabitant  *1 

 Denmark, 
1983 

Denmark, 
1993 

Denmark, 
2001 

Sweden, 
1991 

Sweden, 
2003 

Norway, 
1995 

Norway, 
1999 

USA, 
1996 

Reported mercury  
consumption with amal-

gam fillings, Kg/year 
3100 1800 1200 1700 103 840 510 31000 

Population, millions *2 5.4 5.4 5.4 8.9 8.9 4.5 4.5 281 
Annual mercury con-

sumption with  
dental amalgam,  
g per inhabitant 

0.57 0.33 0.22 0.19 0.01 0.19 0.11 0.11 

Notes: *1 Denmark: Mercury amalgam has been gradually substituted for by other filling materials. Since 1994,  
 amalgam fillings have been banned except for adult's molar teeth on surfaces with tough wear (Skårup  
 et al., 2003). Sweden: In the early 1990's a quick shift towards alternatives made the amalgam  
 consumption drop, since then the consumption has dropped more slowly (Kemi, 1998). Dental amal-
gam in Sweden and the reduction of the used amounts has declined significantly the last 5-6 years. In 
1997 the sold amounts of mercury to dental amalgam was 980 kg and in 2003 it was 103 kg (Kemi, 
2004). Norway: Norwegian Pollution Control Authority, as cited by Maag et al. (2001). USA: Mer-
cury consumption for amalgam fillings reported as almost constant between 1980 and 1996 (Sznopek 
and Goonan, 2000);  
*2 CIA'a World Fact Book (accessed 2003 at 
http://www.odci.gov/cia/publications/factbook/index.html ). 
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950. Amalgam fillings typically have a lifetime of 10-20 years (for adult's teeth), which means that 
current mercury outputs due to disposal of “spent" fillings typically reflect consumption at about 10-20 
years ago. NJ MTF assumed a half-life of about 15 years per filling (NJ MTF, 2002). 

5.6.1.4 Examples of mercury in releases and wastes/residues 

951. In detailed Danish studies (Skårup et al., 2003; Maag et al., 1996) it was estimated that in 
Denmark about 60% of the consumed (new) amalgam is built into fillings, while about 25% is excess 
amalgam (a little more is mixed than used), and about 15% is sucked out of the mouth and goes to 
waste water (or to a filter) during the filling and shaping process. In the same study it was estimated, 
based on a mass balance approach, that about 70% of the mercury in old fillings were drilled out and 
went to waste water (or to waste via filters), while about 20% was extracted (mainly from adults) or 
lost (mainly from children) and went to waste, and about 10% remained with deceased people and was 
released to soil (cemeteries) or to the atmosphere (from cremation) (COWI, 2002). Regarding amal-
gam wastes following the waste water produced in the dental clinics, an estimated 80% of the dental 
clinics in Denmark have high efficiency central filters which can retain about 95% of the amalgam 
waste in the waste water, while the remaining 20% or so of the clinics are not assumed to have these 
filters (Skårup et al., 2003). For the clinics which have coarse mesh filters only, and do not have high 
efficiency filters, it is roughly estimated that only 20 - 50% of the mercury in the waste water is re-
tained in the filters and disposed of to hazardous waste, municipal waste or recycling (based on Skårup 
et al., 2003, and their citations from Arenholt-Bindslev and Larsen, 1996). 

952. NJ MTF reports that tests of wastewater from dental offices in 6 US cities and one European 
city suggest that an average of about 0.1 g of mercury per dentist is released per day from dental of-
fices (Bill Johnson, 1999, as cited in NJ MTF, 2002). However, the data indicate that the amount re-
leased by each dentist varies considerably (NJ MTF, 2002). A study in Massachusetts USA (MWRA, 
1997) estimated that 0.06 - 0.34 g mercury is released per facility per day to wastewater (MWRA, 
1997, as cited in NJ MTF, 2002). 

953. Some dental clinics have filters collecting varying fractions of the mercury in the clinic's 
waste water (up to about 95%). Excess amalgam and sometimes the filter fraction may be collected 
and processed to recover the silver. The amount of mercury discharged by a dentist office is dependent 
on various factors, including whether filters (or “chairside traps”) are used. One study reports that an 
average of 2 g mercury per dentist per day is discharged if no filtration is used (Drummond et al., 
1995, as cited in NJ MTF, 2002).  If chairside traps are used, about 60 - 70% of the mercury is cap-
tured and does not get released to waste water (NJ MTF, 2002). Some facilities also use additional 
filter systems such as vacuum filters or air/water separators which collect additional, smaller mercury 
particles (NJ MTF, 2002). 

954. In NJ, the mercury-contaminated material captured by traps and other control devices is typi-
cally released in MSW or recycled (NJ MTF, 2002). 

955. The total amount of mercury used in the dental industry in the USA in 1995 was 32 metric 
tons (Plachy, 1996, as cited in US EPA, 1997a).  A report by Perwak, et al. (1981) estimated that 2% 
of the mercury used in dental applications is emitted to the atmosphere (from the clinics). Using the 
2% figure, 1995 mercury emissions were estimated to be 0.64 metric tons in the USA (US EPA, 
1997a). 

956. There are slow releases of elemental mercury vapours throughout the lifetime of the filling, 
which can be released directly to air or wind up in human wastes (such as in urine and feces) (Barr, 
2001). 

957. In addition to the above mentioned, the mercury amalgams also lead to significant releases 
during crematoria (described in section 5.10.1) and in cemeteries (see section 5.10.2). 
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5.6.1.5 Input factors and output distribution factors 

958. 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.  

959. 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. 

960. Due to lack of data, no default factors can be set for the production and supply of the amalgam 
ingredients. 

a) Default mercury input factors 

961. Actual data on number of amalgam fillings prepared annually will lead to the best estimates of 
releases. This number can be multiplied with average mercury amount used per filling: 0.8 g 
Hg/filling, as described above for the Danish situation. 

962. If no information is available on the number of amalgam fillings prepared annually, a first es-
timate can be formed by using the default input factors selected in table 5-136 below (based on the 
data sets presented in this section). Because concentrations vary so much, it is recommended to calcu-
late 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 abso-
lute minimum), and the high end factor will result in a high end estimate (but not the absolute maxi-
mum). 

Table 5-136 Preliminary default input factors for mercury use in preparation of dental amalgam fillings 

 
Default input factors;  

g mercury consumed per inhabitant per year; 
(low end - high end) 

Mercury used annually for  
dental amalgam preparations 

0.05 - 0.2 

 

b) Default mercury output distribution factors 

963. The default output factors defined below are primarily based on the Danish data above, as they 
provide correlated input and output data sets and are based on detailed investigations.  

964. Note that the mercury outputs should calculated based on mercury inputs with dental fillings 
at different times (as shown in the table below) for the different life cycle phases of the amalgam fill-
ings, due to the long lifetime of amalgam fillings. If the supply of mercury for preparation of dental 
amalgam fillings is known to have been relatively constant over the last 20 years, current supply data 
can be used as an input approximation. 

965. Because the waste disposal routines will vary much between countries, an artificial, even dis-
tribution among the waste types was chosen to raise the signal that significant mercury outputs may 
take place through both of these outputs. If more specific information is available regarding the waste 
management practices, individual adjustments can be made to the calculations. In countries with a 
general lack of special management practices for hazardous or medical wastes, the full output to waste 
should likely be allocated to "general waste". 
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Table 5-137:  Preliminary default mercury output distribution factors for dental amalgam 

Default output distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land Products 

2* 

General 
waste 

*1 

Sector specific 
treatment/ 
disposal *1 

Preparations of fillings in the teeth at dentist 
clinics (share of current mercury supply for 
amalgam fillings) 

0.02 0.14  0.6 0.12 0.12 

Use - from fillings in the mouth (share of  
mercury supply for fillings 5-15 years ago) *3  0.02     

Disposal - via clinics and households and death (share of mercury supply for fillings 10-20 years ago) *4: 

-  in countries where most dental clinics are 
equipped with high efficiency amalgam filters 
(95% retention rate) 

 0.02  0.06 0.26 0.26 

-  in countries where only dental chair fil-
ters/strainers are used in most clinics 

 0.3  0.06 0.12 0.12 

Notes: *1 Because the waste disposal routines will vary much between countries, an artificial, even distribution  
 among the waste types was chosen to raise the signal that significant mercury outputs may take place  
 through both of these outputs. Sector specific treatment may be recycling, disposal as hazardous  
 waste, or disposal as medical waste;  
*2 The actual fillings when in the teeth. For the disposal phase, the mercury released with "products" is  
         the mercury remaining in fillings by the time of the persons death; this mercury will be released to 
         cemetaries of via cremation.  
*3 This is a very rough estimate of mercury release from dental fillings in the mouth based on the data 
         from Sweden described above (based on Sörme and  Lagerkvist, 2002; Sörme et al., 2003; and their 
         citation of Skare and Engquist, 1994); the convertion from amounts in the mouth to Hg supply is 
         based on the data from Denmark (see above) indicating that 60% of the supply of Hg for dental fill 
         ings end up in the mounted fillings, while 40% is lost during the preparation of the fillings. 
*4 The factors here reflect that only about 60% of the original supplies were built into the fillings when  
 they were made. 

c) Links to other mercury sources estimation 

966. No links suggested. 

5.6.1.6 Source specific main data 

967. The most important source specific data would in this case could be some or all of the follow-
ing: 

• Data on total amount of mercury used in dental sector in the country, or 

• Data on average amount of mercury used by each dentist per year; 

• Data on percent of dentist clinics that use high efficiency amalgam filters; 

• Average number of fillings per person in a country (as an indication of the general dental care 
standards; and 

• Data on the distribution of dental amalgam wastes from dental clinics between general waste, and 
recycling, hazardous waste, or medical waste. 
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5.6.2 Manometers and gauges 
5.6.2.1 Sub-category description 

968. Mercury is used in some blood pressure gauges, industrial and meteorological manometers, 
and pressure valves (UNEP, 2002). Blood pressure gauges are probably mainly supplied with mercury 
in the product. For pressure valves in district heating and educational uses the metallic mercury used is 
often supplied separately and not as integrated in the product. Mercury may be supplemented during 
the use period for all types mentioned. The mercury may be disposed of with the apparatus or sepa-
rately. Non-mercury alternatives exist for all uses and are gradually substituting for the mercury-using 
equivalents in some countries (Maag et al., 1996, as cited in COWI, 2002). It should be noted that 
quantification of mercury supplied separately for these uses may be difficult to distinguish from other 
metallic mercury consumption (COWI, 2002). 

5.6.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-138 Main releases and receiving media during the life-cycle of manometers and gauges with 
mercury 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Production x x  X x x 

Use x X x    

Disposal     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 na-
tional situation. 

969. Like for other products containing mercury, releases may take place: 1) from production of 
gauges/manometers supplied with mercury (to air, water and soil) depending on how closed manufac-
turing systems are, and on the workplace practices of mercury in the individual production facilities; 
2) by breakage or loss of mercury from gauges/manometers (to air, water/waste water, soil) during 
use, and; 3) during disposal of the mercury with or without manometers/gauges/valves after their use 
(directly to soil or landfill and subsequently to water and air), depending on types and efficiency of the 
waste handling procedures (COWI, 2002). 

5.6.2.3 Discussion of mercury inputs 

Table 5-139 Overview of activity rate data and mercury input factor types needed to estimate releases 
from manometers and gauges 

Life-cycle phase Activity rate data needed Mercury input factor 

Production Mercury supplied to  
production annually 

Estimated mercury losses  
per metric ton of mercury supplied 

Use Number of devices  
supplied annually 

Amount of mercury  
in each type of device 

Disposal Number of devices  
disposed of annually 

Amount of mercury  
in each type of device 

 

970. The product group is very diverse and a large number of different equipment exists. However, 
only scarce information has been available on the actual mercury content of the equipment. Examples 
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of mercury content in manometer and gauges from different countries/regions are shown in the table 
below. The mercury content ranges from about 70 g in medical blood pressure gauges to several hun-
dred kilos mercury in pressure valves for district heating plants.  

Table 5-140 Examples of mercury content in manometer and gauges in g mercury per item by type and 
origin of data 

Type of equipment 
Mercury content in 

equipment 
(g Hg/item) 

Country/region  
for data Remarks 

Medical blood pressure gauges 85 European Union Floyd et al., 2002 
 70 Denmark Skårup et al., 2003 
Manometers up to 150 European Union Floyd et al., 2002 
U-shaped manometers 70-140 Denmark Maag et al., 1996 
Manometers for milking systems  354 Minnesota MTAP, 2003 
Manometers and barometers used for 
measuring air pressure 

100 - 500 USA US EPA, 2003c 

Barometers  40-1,000 European Union Floyd et al., 2002 
 590-2,200 Russia Yanin, 2004 
Environmental manometers 3,000 European Union Floyd et al., 2002 
Pressure valves in district heating 
plants 

100,000-600,000 Denmark  Maag et al., 1996 

Pressure gauges 211; 1683 Russia Yanin, 2004 
 

5.6.2.4 Examples of mercury in releases and wastes/residues 

971. Mercury may be released from manometers and valves during use and it is often necessary to 
top up mercury. Mercury released from mercury valves, with several hundred kg mercury in each, in 
district heating plants is demonstrated to be significant sources of mercury to many municipal waste 
treatment plants in Denmark (Markmann et al., 2001).  

5.6.2.5 Input factors and output distribution factors 

972. No default factors were defined for this source sub-category. 

c) Links to other mercury sources estimation 

973. Mercury used in this sub-category may contribute to the mercury inputs to the waste water 
system, to general waste treatment, and to treatment of hazardous/medical waste. 

5.6.3 Laboratory chemicals and equipment 
5.6.3.1 Sub-category description 

974. Mercury is used in laboratories in instruments, reagents, preservatives, and catalysts.  Some of 
this mercury is released to air, primarily through lab vents. However, most of the mercury may be re-
leased in wastewater or disposed of as hazardous waste or municipal waste. 

975. Examples of mercury containing laboratory equipment and laboratory chemicals are listed in 
the two following tables. For many of the chemicals the total use of mercury is most probably very 
low. Mercury may have been substituted in some of the equipment and for some of the mentioned ana-
lytical methods. Some standard analyses seem, however, difficult to substitute in practice - even 
though substitutes are in many cases available - because standards are there to improve reproductivity 
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of the analysis practices and therefore favour the well-known, and they are often also required in pub-
lic regulation. 

Table 5-141 Mercury containing laboratory equipment 

Equipment Reported use Reference 

Blood gas analyzer Mercury in reference electrode in Radiometer (brand) 
blood gas analyzer  Floyd et al., 2001 

Mercury electrodes (calomel) Reference  electrode in electrochemistry e.g. for pH 
measuring Bjørnstad, 1992 

Blood lead analyzer ESA (brand) Model 2020B lead analyzer electrode Floyd et al., 2001 
Mercury drop electrode Potentiometry  Bjørnstad, 1992 

Coulter counter 

Counting and measuring the size of microscopic par-
ticles. The mercury may be in a pressure gauge, on-
off switch, timing count gauge, vacuum gauge, and 
possibly other gauges, depending on the model. 

Bjørnstad, 1992;  
SH, 2004 

Sample collector for oil off-
shore  Bjørnstad, 1992 

Centrifuges Older models may use mercury in balance cups NIH, 2004 
Electron microscope Mercury used as vibration damper NIH, 2004 
Thermostats Variety of applications See section XX 
Thermometers, manometers, 
and other measuring equip-
ment  

Variety of applications See section XX, XX 

Mercury lamps for atomic 
absorption spectrophotome-
ters and other equipment 

Variety of applications See section XX 

 

Table 5-142 Mercury containing laboratory chemicals 

Reagent/ mercury com-
pound Reported use Reference 

Mercuric sulphate, HgSO4 

Chemical oxygen demand (COD) analyses 
In laboratory electrochemistry for creation of electro-
chemical chains. 
Flame photometer 

Skårup et al., 2003 
Lassen et al., 2004 
 
NIH, 2004 

Mercuric chloride, HgCl2 

Ingredient of Zenker's solution (72 g Hg/L) and B5 
(37 g Hg/L); tissue fixative for pathology, histology 
Ingredient of Hayem's solution for red blood cell 
count 
For identification of tyrrol, for nephelometric deter-
mination of dimethyl sulphide, for quantitative deter-
mination of cysteine by potentiometer titration, and as 
catalyst for hydro halogenation 

Floyd et al, 2002  
 
 
Lassen et al., 2004 

Mercury chloride, Hg2Cl2, 
calomel For preparation of reference electrodes Lassen et al., 2004 

Mercuric oxide, HgO 

Catalyst for detection of nitrogen in organic com-
pounds using Kjeldahl method (other catalysts may be 
used as well) 
Harris hematoxylin 

Skårup et al., 2003 
 
 
NIH, 2004 
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Reagent/ mercury com-
pound Reported use Reference 

Mercury sulphate, HgSO4 or 
its mixture with CuS04 or 
Se02 

Catalyst for detection of nitrogen in organic com-
pounds using Kjeldahl method Lassen et al., 2004 

Mercury oxides 

Oxidizers in preparatory chemistry; for determination 
of acids titers; in laboratory organic synthesis; for 
obtaining of some nitrose compounds, hypochlorides, 
organic siloxanes; for preparation of reference elec-
trodes.  

Lassen et al., 2004 

Metallic mercury 

In polarography based on the use of mercury or amal-
gam dropping or jet indicator electrodes; masking 
agent for quantitative determination of organic ni-
trates; determining fluoride purity and its concentra-
tion in gases; creation of new superconducting mate-
rials; development of new gas-discharge devices; 
mercury porometry (determination of porosity of 
various materials and substances); laboratory electro-
chemistry (mercury coulometry and electrochemical 
data converters); for preparation of reference elec-
trodes. 

Lassen et al., 2004 

Organic compounds of Hg For determination of organic disulphide; in laboratory 
organic synthesis; in preparative chemistry Lassen et al., 2004 

Nessler's reagent 
(alkaline solution K2[HgI4] 

Bun Test Enzyme, non-protein nitrogen 
For detection and photometric determination of am-
monia (NH3), for detection of alcohols and alde-
hydes, for identification (in paper and thin-layer 
chromatography) of hydro amino acids  

NIH, 2004; 
Lassen et al., 2004 

Mercury iodide, HgI2 

Histology stain 
Masking agent for quantitative determination of or-
ganic nitrates; component of heavy liquids used in 
mineralogical analysis for distinction of minerals by 
density, - Tule fluid (water solution of HgI2 + 2KI) 
and Shoushin-Rorbach fluid (BaI2HgI2 x nH2O).  
For preparation of reference electrodes 

SH, 2004; 
Lassen et al., 2004 

Mercury fluoride, Hg2F2 For preparation of reference electrodes Lassen et al., 2004 

Mercury bromide, Hg2Br2 For preparation of electrolytes Lassen et al., 2004 

Mercury dibromide. HgBr+ In laboratory electrochemistry for preparation of 
cathodes for concentrate current conversion  Lassen et al., 2004 

Water solutions Hg(NО3)2 or 
Hg(ClO4)2 

As titrants for mercurimetry (titrimetric method of 
analysis of anions Cl-, Br-, SCN-, CN-). Lassen et al., 2004 

Water solutions, Hg(NO3)2 
As a titrant in mercurometry (titrimetric method halo-
genides detection). Lassen et al., 2004 

Mercuric nitrate, Hg(NO3)2 
Determination of chlorides in blood 
Catalyst for synthesis of tetra-nitro-methane 
Parasitology Trichrome stain 

Lassen et al., 2004 
 
NIH, 2004 

Mercuric thiocyanate, 
Hg(SCN)2 

Analytical reagent in rodanometry and mercurimetry 
(also for determination of halogenides, sulphides, 
tiosulphides and cyanides) 

Lassen et al., 2004 

Mercury fulminate, 
Hg(ONC)2 

Synthesis of aromatic ketones using Hoesh's reaction Lassen et al., 2004 
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Reagent/ mercury com-
pound Reported use Reference 

Millon's reagent  
(solution HgNO3 and 
Hg(NO3)2 in diluted HNO3, 
containing admixture HNO2) 

Protein test (containing hydroxyl phenol group) 
Colour reaction for proteins and phenols  

NIH, 2004; 
Lassen et al., 2004 

Mercury acetate, 
(CH3COO2)Hg  Used in chinolisidine chemistry Lassen et al., 2004 

Hg(COOCH3)2, Hg(CN)2, 
HgO, HgBr2 

Catalysts in Koenigs-Knorr reaction (synthesis of 
glycosides and oligosarides) Lassen et al., 2004 

Phenolic mercuric acetate Ion selective electrode SH, 2004 

Methyl mercury hydroxide, 
CH4HgO 

Denaturant in single-strand conformation polymor-
phism (SSCP) analysis of PCR products, 
Gel electrophoresis, 
Protein precipitation 

NIH, 2004 

Takata's reagent Takata-Ara NIH, 2004 
 

976. The OECD mercury monograph (OECD, 1994) provides information on the use of mercury by 
category in 13 countries around 1990. Laboratory use accounted in total for all countries for 2.7% of 
the total mercury use. For the individual countries the share represented by laboratory use ranged from 
0.2% in Belgium (in 1990) to 14% in Germany (in 1985). 

977. In the USA, mercury used for laboratory chemicals (reagents and catalysts) and laboratory 
equipment decreased from about 32 metric tons in 1990 to 20 metric tons in 1996 (Sznopek and 
Goonan, 2000). It is in the report roughly estimated that one third of total was used in laboratory in-
struments.  

978. In Denmark the use of mercury with laboratory chemicals has decreased from about 510 
kg/year in 1982/83 (Hansen, 1985) to 20-40 kg/year in 2001 (Skårup et al., 2003). The main reason for 
the decrease is the substitution of mercury for nitrogen analysis in organics using the Kjeldahl method 
which formerly accounted for the main part of the total. In 2001 mercury sulphate used for chemical 
oxygen demand (COD) analyses accounted for the major part of the mercury used with laboratory 
chemicals.  

979. COD analysis represented as well in France the major laboratory chemical use and it is re-
ported that about 900 kg mercury was annually used for this analysis method only (AGHTM, 2000)  

980. Floyd et al. (2002) roughly estimate that 100-200 kg of mercury is used in chemical agents 
and hospital laboratory reagents in the EU (15) around year 2000. Considering 20-40 kg is used in 
Denmark alone the estimate seems, however, to be very low.  

5.6.3.2 Main factors determining mercury releases and mercury outputs 

Table 5-143 Main releases and receiving media from mercury use in laboratories 

Phase of life cycle Air Water Land General 
waste 

Sector specific 
treatment/ 

disposal 

Mercury use in laboratories 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 na-
tional situation. 
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981. A small part of the mercury may be emitted to the air during use in the laboratories and re-
leased to the surroundings though air exhausters from fume hoods. The major part of the mercury will 
be disposed of with used agents. The fate of mercury depends on the systems for management of labo-
ratory waste in the country. The waste may be disposed of for sector specific treatment, landfills or 
discharged though the drain to the sewer. 

5.6.3.3 Discussion of mercury inputs 

Table 5-144 Overview of activity rate data and mercury input factor types needed to estimate releases 
from laboratory chemicals and equipment 

Activity rate data needed Mercury input factor 
Number/amount of mercury-containing devices 

or chemical reagents supplied per year 
Amount of mercury in each type of devices  

or chemical reagents 
 

5.6.3.4 Examples of mercury in releases and wastes/residues 

982. In 1994, an estimated 1.0 metric tons of mercury was emitted into the atmosphere in the USA 
from general laboratory use (US EPA, 1997b). An emission factor of 40 kg of mercury emitted to the 
atmosphere for each metric ton of mercury used in laboratories was used for the estimate. The emis-
sion factor was based on a relatively old assessment using engineering judgment and not actual test 
data. The factor is therefore considered quite uncertain.  

983. In the Russian Federation, laboratories are obligated to neutralize the mercury-containing 
wastes. In general the waste is then transported to landfills, but small laboratories may after neutraliza-
tion discharge the reagent wastes in strongly diluted solution to the sewerage system (Lassen et al., 
2004).  

5.6.3.5 Input factors and output distribution factors 

984. No default factors were defined for this source sub-category. 

985. Links to other mercury sources estimation - It should be noted that mercury used in this 
sub-category may contribute to the mercury inputs to the waste water system, to general waste treat-
ment, and to treatment of hazardous/medical waste. 

5.6.4 Mercury metal use in religious rituals and folklore medicine 
5.6.4.1 Sub-category description 

986. Mercury is used in certain cultural and religious practices, such as some Latin American and 
Afro-Caribbean communities, in the USA, Mexico, and probably elsewhere.  Uses include carrying it 
in a sealed pouch or in a pocket as an amulet, sprinkling mercury on floors of homes or automobiles, 
burning it in candles, and mixing it with perfumes. In the USA, mercury for such purposes is pur-
chased at botanicas (or similar stores). Various people recommend the use of mercury to bring luck in 
love, money, or health and to ward off evil (Riley, et. al., 2001 and NJ MTF, 2002).  
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5.6.4.2 Main factors determining mercury releases and mercury outputs 

Table 5-145 Main releases and receiving media during the life-cycle of mercury metal use in religious 
rituals and folklore medicine 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Preparation and distribution at 
botanicas or other shops X X X X X  

Use X X X  X  

Disposal 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. 

987. Mercury used in these practices could ultimately be released to air, wastewater, or to MSW.  
Mercury vapours are released if the mercury is not contained in sealed containers. Some practices such 
as sprinkling it in homes and automobiles, and especially burning it in candles, increase the rate of 
vaporization.   

5.6.4.3 Discussion of mercury inputs 

988. Mercury is usually sold in capsules that contain on average about 8 - 9 grams of mercury.   

5.6.4.4 Examples of mercury in releases and wastes/residues 

989. With regard to disposal methods, one study (Johnson, 1999, as cited in NJ MTF, 2002) found 
that 64% of mercury users reported throwing mercury in the garbage, 27% flushed it down the toilet, 
and 9% threw it outdoors. 

5.6.4.5 Input factors and output distribution factors 

990. No default factors were defined for this source sub-category. 

991. Links to other mercury sources estimation - It should be noted that mercury used in this 
sub-category may contribute to the mercury inputs to the waste water system, to general waste treat-
ment, and to direct releases to the environment. 

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

992. The sources discussed below are mentioned because they are known to be possible sources of 
mercury use and releases.  However, in this Toolkit, we have not attempted to provide source descrip-
tions, example data, or other information about these sources because of limited data available and 
because of limited resources to search for data. If these sources are identified in the country, specific 
investigations must be made to collect data on consumption, use, releases pathways and disposal ena-
bling quantification of releases to the environment: 

• Infra red detection semiconductors, where mercury is part of the crystal structure of infra read 
detection semiconductors. These devices are used for various infrared (IR) uses for example 
night vision and IR spectroscopic analysis; 

• Bougie tubes and Cantor tubes; 

• Educational uses; 
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• Gyroscopes with mercury; 

• Vacuum pumps with mercury; 

• Use of mercury as a refrigerant in certain cooling systems; 

• Light houses (Marine navigation lights; lens/lamp unit float on mercury in some types); 

• Mercury in large bearings of rotating mechanic parts in for example older waste water treat-
ment plants; 

• Tanning;  

• Pigments; 

• Browning and etching steel; 

• Certain colour photograph paper types; 

• Recoil softeners in rifles; 

• Explosives (mercury-fulminate a.o.); 

• Fireworks;  

• Executive toys. 

993. Significant amounts of mercury may be found in Bougie tubes and Cantor tubes used by 
medical practitioners in hospitals. (Floyd et al., 2002) The Bougie tube is a mercury-weighted instru-
ment that is used to ‘pound’ an opening in the oesophagus when there are cancerous growths or other 
obstructions. Buogies may contain up to 1361 g mercury (SH, 2004). The Conter tube is a tube almost 
2 meters long which is filled with mercury and is inserted down the patient’s gastrointestinal tract. It is 
reported to contain 54 - 136 g (SH, 2004). 
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5.7 Production of recycled metals ("secondary" metal production) 

Table 5-146 Production of recycled metals: sub-categories with main pathways of releases of mercury 
and recommended inventory approach 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.7.1 Production of recycled mercury 
("secondary production) X X X X X PS 

5.7.2 Production of recycled ferrous  
metals (iron and steel) X x x  x PS 

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. 

5.7.1 Production of recycled mercury ("secondary production”) 
5.7.1.1 Sub-category description 

994. There are two basic types of secondary mercury production: recovery of liquid mercury from 
dismantled equipment and mercury recovery from scrap products using extractive processes. In the 
USA (and probably many other countries), the total quantity of mercury recovered as liquid mercury is 
much greater than that recovered by extractive processes. Three areas that comprise a large proportion 
of the liquid mercury recovery globally are: 1) dismantling of chlor-alkali facilities; 2) recovery from 
mercury meters used in natural gas pipelines; and 3) recovery from manometers, thermometers, and 
other equipment. In each of these processes, the liquid mercury is drained from the dismantled equip-
ment into containers. The second type of production involves the processing of scrapped mercury-
containing products and industrial wastes and sludges using thermal or chemical extractive processes 
(US EPA, 1997a and COWI, 2002). (For a description of the processes, see US EPA, 1997a).  

995. The same recycling plants described in above paragraph may also be engaged in recovering of 
mercury from mineral residuals from mining and primary processing of zinc or other metals, and 
sludge from pre-distribution cleaning of natural gas. These activities are often called by-product mer-
cury recovery, as opposed to post consumer recycling.  When quantifying national mercury cycling, 
this distinction is useful, and if data exist on this split this information could be reported in the inven-
tory documentation.  

996. Note that mercury recycling may be an import source of mercury to the economy of countries 
where such facilties exist. Received and refined mercury from these sources is brought back into the 
global mercury trade cycle. Mercury recycling activities are often economically favoured by govern-
ments to encourage collection and treatment of this type of hazardous waste (COWI, 2002) 

997. In some countries mercury recycling activities contribute substantially to mercury market sup-
plies, while other countries do not currently have domestic recycling plants. Some of these countries 
without recycling programs may export parts of their waste with high mercury concentrations to recy-
cling facilities abroad (COWI, 2002). 
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5.7.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-147 Main releases and receiving media from production of recycled mercury (secondary pro-
duction) 

Phase of life cycle Air Water Land General 
waste 

Sector specific 
treatment/ 

disposal 

Recovery of liquid mercury X X X x X 

Extraction of mercury from scrap products X X X x X 

By-product mercury recovery 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. 

998. Mercury recycling/recovery activities may lead to substantial releases of mercury to the at-
mosphere, to aquatic and terrestrial environments. The amounts lost depend very much on how care-
fully the process releases are managed. Processing facilities may be equipped with release reduction 
devices with the potential to reduce direct releases of pollutants to the atmosphere as well as to aquatic 
and terrestrial environments. As in other sectors, release reduction technology yields additional solid 
or fluid residues, which also have to be managed to prevent or reduce additional releases (COWI, 
2002). 

999. In the USA (and probably many other countries) information on the performance of specific 
emission control measures is very limited and site specific. If a scrubber is used mercury vapour or 
droplets in the exhaust gas may be captured in the spray. Concentrations in the workroom air due to 
mercury vapour emissions (such as from the hot retort process) may be reduced by the following 
methods: containment, local exhaust ventilation, dilution ventilation, isolation, and/or personal protec-
tive equipment. Vapour emissions due to mercury transfer during the distillation or filling stages may 
be reduced by containment, ventilation (local exhaust or ventilation), or temperature control (US EPA, 
1997a). 

5.7.1.3 Discussion of mercury inputs 

Table 5-148 Overview of activity rate data and mercury input factor types needed to estimate releases 
from production of recycled mercury ("secondary production") 

Process type Activity rate data needed Mercury input factor 

Recovery of post-consumer mercury Amounts of produced mercury g mercury released per metric ton 
of  produced mercury 

 

5.7.1.4 Examples of mercury in releases and wastes/residues 

1000. During extraction of mercury from waste materials, emissions may vary considerably from 
one type of process to another. Emissions may potentially occur from the following sources: retort or 
furnace operations, distillation, and discharge to the atmosphere from the charcoal filters. The major 
mercury emission sources are due to condenser exhaust and vapour emissions that occur during 
unloading of the retort chamber. Mercury emissions also can occur in the filling area when the flask 
overflows and during the bottling process. One company in the USA (Mercury Refining Company) 
reported results from two emission test studies conducted in 1994 and 1995 that showed average mer-
cury emissions of 0.85 kg per metric tons of mercury recovered (MRC, 1997, as cited in US EPA, 
1997a). In 1973, emission factors were estimated to be 20 kg per metric tons of mercury processed due 
to uncontrolled emissions over the entire process (Anderson, 1973, as cited in US EPA, 1997a).   
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1001. In the USA, mercury release data were reported in the 1994 Toxics Release Inventory (TRI) 
for 2 facilities (which use extractive processes). One facility reported mercury emissions to the atmos-
phere of 116 kg for 1994, and the other facility reported 9 kg mercury emitted to atmosphere for 1994.  
Plants that focus mainly on obtaining liquid mercury from old equipment (and that do not use the ex-
tractive process) are expected to have lower emissions. 

1002. In the USA in 1996, an estimated 446 metric tons of mercury was recycled from industrial 
scrap. The recycling is estimated to have accounted for approximately 0.4 metric tons of mercury 
emissions in 1995 (US EPA, 1997b). Major sources of recycled mercury include dental amalgams, 
scrap mercury from instrument and electrical manufacturers (lamps and switches), wastes and sludges 
from research laboratories and electrolytic refining plants, and mercury batteries. 

1003. Weight of processed mercury containing waste and weight of the commercial mercury recov-
ered from the waste in a Russian mercury recycling facility is shown in the table below. The facility 
employs a tubular rotary oven for the recovery. The oven is a metal cylinder body with the diameter 
1.6 m and the length 14 m, installed at a gradient of 3-4° and lined with refractory bricks. The total 
reported mercury release from the process was 120 kg broken down into 52 kg with off-gas, 65 kg 
with waste water, 3 kg with cinders, and 0.5 kg unaccounted losses. The average emission to air from 
the process was 2 kg/metric ton mercury processed whereas the release to wastewater corresponds to 
and 2.5 kg per metric tons mercury processed. The previous years the releases were significantly 
higher and the mercury emission to air decreased from 1999 to 2001 for 20 g/metric ton processed 
mercury to 2 g/metric ton. During the same period the releases to water increased from 0.5 - 2.5 
g/metric ton processed mercury.   

Table 5-149 Processing of mercury-containing waste at a recycling facility in Russia in 2001 (Lassen et 
al., 2004) 

Type of waste Weight of waste, 
kg 

Commercial Hg, 
kg 

Catalyst, sorbent, sludge (from VCM production) 244,312 9,793 
Unconditioned mercury 16,113 16,097 
Mercury lamps 20,610 7 
Mercury-containing devices 1,784 131 
Luminophor concentrate 23,700 78 
Other (galvanic elements, mercury-contaminated construc-
tion waste and soils, proper production waste, etc.) 54,800 343 

Total 361,319 26,449 
 

5.7.1.5 Input factors and output distribution factors 

1004. Based on the information compiled above by Lassen et al. (2004) describing one facility in 
Russia, the following preliminary default mercury release factors are suggested for use in cases where 
source specific data are not available. It is emphasized that use of these data on other facilities is of 
course associated with substantial uncertainty, and must be considered indicative only. Because these 
default factors are based on a very limited data base, they should be considered preliminary and sub-
ject to revisions. 

1005. 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. 
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Table 5-150 Specific reported outputs and output distribution factors for a recycling facility in Rus-
sia (Lassen et al., 2004) 

 
Specific 
reported 

outputs *1 

Output distribution 
factors - Share of 

outputs 
Specific release factors 

 Kg/year Unitless Kg Hg release/metric ton Hg 
produced 

Hg produced 26449 0.995 - 
Air releases 52 0.002 2,0 

Waste water releases 65 0.002 2,5 
Sector specific waste dis-
posal (Cinders - solid resi-

dues) 
3 0.0001 0.1 

Sector specific treat-
ment/disposal (unac-

counted losses) 
0,5 0.00002 0.02 

Sum of reported outputs 26569,5 1 - 
Notes: *1 Data from Lassen et al. (2004) describing one facility in Russia. The use of these data on other  

facilities is associated with substantial uncertainty, and must be considered indicative only. 

1006. Links to other mercury sources estimation - The mercury inputs to waste treatment sub-
categories can be qualified through the quantification of mercury inputs to society with products and 
materials, as described in sections 5.1 to 5.6. Beware of double-counting of mercury outputs when de-
veloping the mercury inventory. Note that mercury inputs to recycling facilities may include mercury 
waste imported from abroad. 

5.7.1.6 Source specific main data 

1007. The most important source specific data would in this case be: 

• Specifically measured mercury amounts to all output streams. 

5.7.2 Production of recycled ferrous metals (iron and steel) 
5.7.2.1 Sub-category description 

1008. Iron and steel are produced from scrap metal, using various high temperature processes.  Mer-
cury may be present in recycled metals/materials as a result of presence of natural mercury impurities 
in the original materials, as well as presence of mercury contamination originating from anthropogenic 
use of mercury (e.g. mercury switches in cars going to iron/steel recycling). 

5.7.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-151 Main releases and receiving media from production of recycled ferrous metals (iron and 
steel) 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Shredding, storage and smelting 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. 
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1009. Ferrous scrap is processed by different industries and types of facilities and involves various 
process steps.  For example, some automobiles are sent to dismantlers initially and valuable compo-
nents are removed.  The remaining automobile is usually crushed then shipped to a shredder.  Some 
older automobiles are sent directly to the shredders.  Other discarded items enter the scrap process at 
various stages of the processing system. Mercury may be released to air, water or land during various 
points in the process, including shredding (NJ MTF, 2002) and smelting. 

5.7.2.3 Discussion of mercury inputs 

Table 5-152 Overview of activity rate data and mercury input factor types needed to estimate releases 
from production of recycled ferrous metals (iron and steel) 

Life-cycle phase Activity rate data needed Mercury input factor 
Shredding, storage  

and smelting 
Amounts of  

recycled iron/steel produced 
Mercury content per metric ton  

of iron/steel produced 
 

1010. The scrap includes recycled metals from discarded motor vehicles and home appliances, and 
waste metals from demolished building structures.  Mercury is present in many items that are included 
in this scrap.  For example, in the USA in the 1990s, about 9 metric tons mercury per year were used 
in tilt switches (such as trunk lights) and in anti-lock breaking systems (ABS) in automobiles. One 
study (ECGLU, 2001) estimated that between 155 - 222 metric tons of mercury were in automobiles 
on the road in the USA in year 2001. Since, the average age of automobiles on the road is about 9 
years, and since the vast majority of discarded automobiles become scrap metal, one can estimate that 
about 10% (or 15 - 22 metric tons) of the mercury in automobiles enters the scrap processing system 
each year (NJMTF, 2002). 

1011. Mercury use in switches has declined roughly about 60 - 80% from the period 1996 to 2000 in 
the USA. However, the use of mercury in ABS systems has increased by about 130 - 180% over the 
same period (NJMTF, 2002).  

1012. Mercury switches in cars have been substituted earlier in European cars than described for the 
USA above. 

1013. Mercury is also found extensively in gas pressure regulators, switches and flame sensors in 
appliances that become part of the scrap for iron and steel production (Cain, 2000, as cited in NJ MTF, 
2002). 

5.7.2.4 Examples of mercury in releases and wastes/residues 

1014. In New Jersey, USA, there are 3 facilities that produce steel by melting scrap in electric arc 
furnaces and 3 facilities that produce cast iron from melting scrap in furnaces called “cupolas.”  The 
total estimated mercury emissions to air from these six facilities is about 0.46 metric tons (NJ MTF, 
2002), or an average of about 0.076 metric tons from each facility. Total mercury emissions to air in 
the USA for this sub-category was estimated to be about 15.6 metric tons based on a study by the 
Ecology Center (Ecology Center, 2001, as cited in NJ MTF, 2002). 

1015. The major pathway of releases is expected to be to air, via stack emissions from the iron and 
steel facility furnaces (NJ MTF, 2002).  Mercury releases to air, land and water may also occur at 
other points during process, such as during storage, shredding and dismantling activities (NJ MTF, 
2002).   

1016. However, a mass balance study at one facility estimated that only 31% was released through 
stack emissions, 49% was in furnace silo dust, 18% was in shredder fluff residues, and 2% emitted 
during shredding (Cain, 2000, as cited in NJ MTF, 2002). 
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5.7.2.5 Input factors and output distribution factors 

1017. No attempt was made to define default factors for production of recycled iron and steel. Inputs 
are extremely dependent on the national or regional history of mercury-containing components in es-
pecially cars and home appliances. 

5.7.2.6 Source specific main data 

1018. The most important source specific data would in this case be: 

• Measured data or literature data on the mercury concentrations in various types of scrap metal 
processed at the source; 

• Amount of each type of scrap metal processed; and, 

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

5.7.3 Production of other recycled metals 
5.7.3.1 Sub-category description 

1019. In principle aluminum, copper, zinc and other metals which are recycled in most countries, 
may contain mercury. Mercury inputs to production of recycled non-ferrous metal are largely un-
described in the literature. For most metals, the processes involved in their original manufacture indi-
cate that natural mercury impurities in the feed materials do not follow the produced metals to any ma-
jor degree. Most of the mercury input to non-ferrous metal recycling, if any, would therefore originate 
from mercury use in other mercury-containing materials or products/components. As for production of 
recycled steel, the most obvious contributions may likely come from mercury switches, relays, ther-
mostats and similar. Based on background knowledge on mercury use in components and products, 
non-ferrous metals fed to recycling activities may perhaps generally be less contaminated with mer-
cury than recycled steel. 

1020. Aluminum is one recycled metal among others with potential for mercury emissions.  Con-
tamination of recycled aluminum and other metals are suspected.  Mercury tends to preferentially 
amalgamate with aluminum rather than ferrous metals, therefore, in the recycled metals stream, mer-
cury contamination may be more associated with aluminum versus ferrous metals.  It is possible that 
facilities that process recycled aluminum using heat release some mercury to air and other media.  

5.7.3.2 Main factors determining mercury releases and mercury outputs 

Table 5-153 Main releases and receiving media during the life-cycle of production of other recycled 
metals 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Production 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. 
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5.7.3.3 Discussion of mercury inputs 

Table 5-154 Overview of activity rate data and mercury input factor types needed to estimate releases 
from production of other recycled metals 

Life-cycle phase Activity rate data needed Mercury input factor 
Shredding, storage  

and smelting Amounts of recycled metal produced Mercury content per metric ton  
of metal produced 

 

5.7.3.4 Examples of mercury in releases and wastes/residues 

1021. The NJ MTF assumed that releases from recycled aluminum production facilities would be 
similar in amount to the releases from facilities that produce recycled ferrous metals (iron and steel) 
described above, and that the primary receiving medium is air.  Therefore, NJ MTF assumed that 
about 455 kg are emitted to the air from each recycled aluminum-producing facility in New Jersey (NJ 
MTF, 2002). 

5.7.3.5 Input factors and output distribution factors 

1022. No attempt was made to define default factors for production of other recycled metals. Inputs 
are extremely dependent on the national or regional history of mercury-containing components in 
scrapped metal products. 

5.7.3.6 Source specific main data 

1023. The most important source specific data would in this case be: 

• Measured data or literature data on the mercury concentrations in various types of scrap metal 
processed at the source; 

• Amount of each type of scrap metal processed; and, 

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

Table 5-155 Waste incineration: sub-categories with primary pathways of releases of mercury and rec-
ommended inventory approach 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

5.8.1 Incineration of municipal/ 
general waste X x x x X PS 

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. 

5.8.1 Incineration of municipal/general waste 
5.8.1.1 Sub-category and process description 

1024. The mercury content in the general waste stream originates from three main groups of inputs: 
1) intentionally used mercury in discarded products and process waste; 2) natural mercury impurities 
in high volume materials (plastics, paper, etc.) and minerals; and 3) mercury as a human-generated 
trace pollutant in high volume materials. The mercury concentrations are directly dependent on the 
inputs of mercury to the waste, and will therefore likely vary much between different countries and 
circumstances. 

1025. Refuse or municipal solid waste (MSW) consists primarily of household garbage and other 
non-hazardous commercial, institutional, and non-manufacturing industrial solid waste. In some coun-
tries, sewage sludge and pathogenic medical waste incinerated along with municipal waste. 

1026. MSW is sometimes incinerated (under controlled conditions as described here), while waste 
fractions dominated by mineral materials is generally deposited in landfills. The quantitative split be-
tween incineration and other treatments of combustible waste vary between countries.  

1027. The MSW may be burned without pretreatment or may be treated for production of so-called 
'refuse-derived fuel'. In the USA, refuse-derived fuel incinerators burn MSW that has been processed 
to varying degrees, from only removal of large, bulky and noncombustible items, to extensive process-
ing to produce a well separated fuel suitable for co-firing in pulverized coal-fired boilers. Processing 
MSW to refuse-derived fuel generally raises the heating value of the waste because many of the non-
combustible items are removed (US EPA, 1997a).  

1028. In some types of incinerators a part of the mercury may remain in part of the waste not fully 
incinerated and leave the incinerator with the grate ash. Generally, however, virtually all of the mer-
cury present in the waste is converted to a vapour because of the high temperatures of the combustion 
process.  The major part of the mercury leaves with the exhaust gas and the share of mercury input that 
is released as air emissions through the stack will be largely dependent on the control devices present. 
Poorly controlled facilities will have most releases going out through the stack in the form of mercury 
air emissions whereas in well controlled facilities, most mercury input will end up in the flue gas resi-
dues. The effectiveness of various controls is discussed below.   
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5.8.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-156 Main releases and receiving media from incineration of municipal/general waste 

Phase of life cycle Air Water Land Products General 
waste 

Sector specific  
treatment/disposal 

Controlled waste incineration 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. 

1029. Important factors determining releases of mercury from this sub-category are the concentra-
tion of mercury in the wastes and the efficiency of the control devices (if present) to reduce mercury 
emissions.  

1030. The incineration technology and particularly the flue gas cleaning systems applied, determine 
the distribution of the output of mercury between air emissions, accumulation in solid incineration 
residues (grate ash) and gas cleaning residues, and releases to water (only indirectly to water via some 
flue gas cleaning technology types). Post-combustion equipment for flue gas cleaning, applied widely 
in many countries today, retains parts of the otherwise released mercury. The flue gas cleaning sys-
tems used are similar to those described for large coal combustions plants (mentioned in section 5.1.1), 
except for a possible additional (integrated) step involving injection and subsequent capturing of acti-
vated carbon (which adsorbs/absorbs some mercury).  The activated carbon technology is used in 
some countries, for example the USA, Germany, Sweden, Denmark and Austria. 

5.8.1.3 Discussion of mercury inputs 

Table 5-157 Overview of activity rate data and mercury input factor types needed to estimate releases 
from incineration of municipal/general waste 

Activity rate data needed Mercury input factor 

Amount of waste burned Concentration of mercury in the waste 

 

1031. The mercury content of the MSW will depend on the use of mercury containing products in 
the country and the presence of specific collection systems for mercury containing waste products.  
Known sources of mercury in MSW include, among others, batteries, discarded electrical equipment 
and wiring, fluorescent lamps, teeth and other dental amalgam waste, paint residues, and plastics. De-
pending on the life-time of the products the sources of mercury in the waste will reflect the use of 
mercury for the different products a number of years before the assessment of mercury in the waste.  

1032. In the USA the sources of mercury to the waste stream have changed over time as a conse-
quence of the changes in the mercury use pattern. Mercury batteries have, during the period from 1980 
to 2000, accounted for the major part of mercury in products in the MSW in the USA (Table 5-8). In 
1989, it was estimated that about 88% of the total discard of mercury was from batteries. Of the 88%, 
about 28% was from mercuric oxide batteries and the remainder from alkaline and other batteries (US 
EPA, 1997a). However, the number of mercury-containing batteries consumed since the late 1980s has 
decreased significantly in the USA and probably many other countries, but as the total mercury con-
tent of the waste has decreased significantly, batteries in 2000 still accounted for more than 50% of the 
mercury in products in the waste stream (Table 5-8).  

1033. As of 1989, 644 metric tons of mercury was reported discarded in the municipal solid waste 
stream in the USA, and the concentration of mercury in solid waste is reported to be in the range of 
less than 1 - 6 ppm by weight with a typical value of 4 ppm by weight (ppm = g mercury per metric 
tons waste). However, because of changes in mercury consumption, the quantity of mercury discarded 
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in the municipal solid waste stream has decreased dramatically since 1989 to a level of about 157 met-
ric tons in 2000 (Table 5-8). 

1034. Mercury concentration in MSW in New Jersey in 2001 has been estimated to be in the range 
of 1.5 - 2.5 ppm (NJ MTF, 2002). 

Table 5-158 Mercury in products in the MSW stream in the USA in 1980, 1989 and 2000 projected 
(based on Franklin Associates,Ltd. (1989), as cited by Yep et al., 2002)  

Percentage of total  
Waste type 

1980 1989  2000  
(projected) 

Household batteries 78.4 87.6 57 
Electric lighting 4.4 3.8 23.7 
Paint residues 4.9 2.6 0.3 
Fever thermometers 4.7 2.3 9.7 
Thermostats 1.3 1.6 6.0 
Pigments 4.2 1.4 0.9 
Dental uses 1.3 0.6 1.3 
Special paper coating 0.2 0.2 0.0 
Mercury light switched 0.1 0.1 1.1 
Film pack batteries 0.5 0.0 0.0 
Total discards 100 100 100 
Total discards in USA (in metric tons) 497 644 157 

 

1035. The sources of mercury in MSW in Denmark in 1992/93 and 2001, respectively, are shown in 
Table 5-9. In 1992/93 batteries accounted for more than half of the total content, similar to the results 
from the USA shown above. In 2001 the batteries accounted for only 27%, mainly due to a decrease in 
the content of mercury in alkaline and 'other' batteries. In 2001 mercury present as a natural impurity 
of the waste (natural trace element) accounted for 28% of the total mercury content in the waste. 
Please note that this contribution is not included in the sources of mercury in MSW in the USA shown 
in (Table 5-8). As illustrated, the uncertainty of the estimates for each waste group is quite high even 
though the estimates are based on detailed substance flow analyses.  The total mercury content of the 
waste decreased in the period from 0.4 - 1.2 ppm to 0.1 - 0.6 ppm (the actual mercury content is ac-
cording to the studies most probably in the high end of the estimated ranges).   

Table 5-159 Sources of mercury in MSW disposed of for incineration in Denmark 1992/93 and 2001 
(Maag et al., 1996; Skårup et al., 2003) 

1992/93 2001 
Waste type 

kg Hg/year % of total kg Hg/year % of total 
Teeth and miscellaneous dental waste 200 - 310 18 64 - 180 12 
Light sources 4 - 20 1 19 - 110 6 
Switches and relays 0 - 120 4 75 - 380 22 
Thermometers 80 - 200 10 19 - 38 3 
Monitoring equipment 0 - 40 1 19 - 47 3 
Batteries 420 - 1,100 53 52 - 510 27 
Mercury as impurity (trace element) 20 - 370 14 28 - 560 28 
Total (rounded) 700 - 2,200 100 280 - 1,800 100 
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5.8.1.4 Examples of mercury in releases and wastes/residues 

1036. Atmospheric mercury emissions from municipal waste combustors (MWCs) can to some ex-
tent be reduced by removing mercury adsorbed to particles from the flue gas by electrostatic precipita-
tors (ESPs) and fabric filters (FFs). The mercury removal efficiency of the filters depends on the fil-
ter's capability for removal of small size particles. Acid gas reduction in the flue gas may also contrib-
ute to the mercury retention. 

1037. The removal efficiency of the controls may be enhanced by adsorbing the mercury vapours 
from the combustion chamber onto acid gas adsorbent material or other adsorbents and then removing 
the particle-phase mercury. The PM control devices most frequently used in the USA are electrostatic 
precipitators (ESPs).  To achieve high mercury control, reducing flue gas temperature at the inlet to 
the control device to 175 ºC (or lower) is beneficial. Typically, newer MWC systems use a combina-
tion of gas cooling and duct sorbent injection (DSI) or spray dryer (SD) systems upstream of the parti-
cle removal device to reduce temperatures and provide a mechanism for acid gas control (US EPA, 
1997a). 

1038. Under incineration conditions at temperatures  above 850ºC and O2 content of 8-10% vol, the 
prevailing mercury species will be mercury chlorides (I and II) and elemental mercury (Velzen et al. 
2002). The thermodynamically calculated chemical equilibrium for mercury in a typical flue gas con-
taining HCL and SO2 shows that the major product between 300 and 700ºC is HgCl2, whereas above 
700ºC elemental mercury is the dominant species. A summery of mercury removal efficiencies for 
different flue gas cleaning equipment in incinerators is shown in Table 5-60 (Velzen et al., 2002). For 
the estimation it is assumed that the HgCl2/Hg(0) ratio is between 70/30 and 80/20. 'Special absor-
bents' (or adsorbents) added may be absorbents impregnated with sulphur or sulphur compounds or 
active carbon based adsorbents, which increase the sorption of mercury on particles.   

Table 5-160 Mercury removal efficiencies of flue gas cleaning systems for waste incinerators  

Equipment Temperature 
(ºC) HgCl2 Hg(0) Overall Reference 

Electrostatic precipitators (ESP) 180 0 - 10% 0 - 4% 0-8% Velzen et al., 2002 
Electrostatic precipitators (ESP)    10% Pirrone et al., 2001 
Fabric filters  (FF)    29% Pirrone et al., 2001 
Wet scrubbers 65-70 70 - 80% 0 - 10% 55 - 65% Velzen et al., 2002 
Wet scrubbers with conditioning 
agent  90 - 95% 20 - 30% 76 - 82% Velzen et al., 2002 

Spray absorbers + FF (limestone) 130 50 - 60% 30 - 35% 44 - 52% Velzen et al., 2002 
Spray absorbers + FF (special 
absorbents added) *1  90 - 95% 80 - 90% 87 - 94% Velzen et al., 2002 

Entrained flow absorbers + fabric 
filter  (special absorbents added) 
*1 

130 90 - 95% 80 - 90% 87 - 94% Velzen et al., 2002 

Circulating fluidized bed + fabric 
filter (special absorbents added) 
*1 

130 90 - 99% 80 - 95% 87 - 98% Velzen et al., 2002 

ESP or FF  + carbon filter beads    99% Pirrone et al., 2001 
ESP or FF  + carbon injection    50 - >90% Pirrone et al., 2001 
ESP or FF + polishing wet  
scrubber    85% Pirrone et al., 2001 

Notes - *1 Special absorbents may be absorbents impregnated with sulphur or sulphur compounds or active  
  carbon based absorbents, which increase the sorption of mercury on particles.   
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1039. As shown in the table, simple electrostatic precipitators sometimes only have very low mer-
cury removal efficiencies. Wet scrubbers or spray absorbents using limestone for acid gas removal has 
efficiencies of 55-65% and 44-52%, respectively. For obtaining high removal efficiency, >90%, the 
addition of special absorbents/adsorbents, most often activated carbon, is a requisite.   

1040.  According to compliance tests recently conducted at 115 of the 167 large municipal solid 
waste incinerators in the USA, the average mercury control efficiencies for large municipal incinera-
tion plants was 91.5%.  The average control efficiency at each site was based on a 3-test average de-
termined by measuring the total flue gas concentration of mercury both before and after the control 
system at each site (injection of powdered activated carbon upstream of either a spray dryer and fabric 
filter baghouse, or a spray dryer and electrostatic precipitator) (UNEP, 2002).   

1041. The mercury eliminated from exhaust gases is retained in incineration residues and, for some 
types of filtering technology, in solid residues from wastewater treatment (from the scrubbing proc-
ess).  These residues are generally sent to landfills or – depending upon their content of hazardous ma-
terials and other characteristics – used for special construction purposes (gypsum wallboard, roadbeds 
or similar).  In some cases such solid residues are stored in special deposits for hazardous waste, 
which are additionally secured with a membrane or other cover that eliminates or reduces releases by 
evaporation and leaching. 

1042. Some examples of the distribution of mercury in the different outflows from municipal waste 
incinerators are shown in Table 5-1. Compared to the typical removal efficiencies shown in Table 
5-60, the ESPs of these incinerators have relatively high removal efficiency, through the retention of a 
larger part of the small-size particles.  

Table 5-161 Examples of mercury removal efficiencies of flue gas cleaning systems for waste incinera-
tors  

Percentage of total outlet to:  

 Emission 
to air 

Grate 
ash 

ESP/FF 
dust 

Acid gas 
cleaning 

filter 
cake 

Carbon 
adsorber-

residue 

Waste 
water Flue gas cleaning system 

Schachermayer et 
al., 1995 (Austria)  <1 5 30 65  <1 ESP, wet scrubber, de-

nox 
Amagerforbrænd-
ing, 2000  
(Denmark) 

7 1 92  <0.01 ESP, semi-dry flue gas 
cleaning process 

Acthenbosch and 
Richers, 2002, 
(Germany) 

0.4 - 44.3 54.6 0.7  
ESP, spray dryer ESP, 
wet scrubbers, scr, car-
bon adsorber 

Shin Chan-Ki et al., 
2000  (Korea) 7.3 1.8 13.9   77 *1 ESP, wet scrubber 

Notes - *1 Indicated in the reference as "gas cleaning water"; it is not mentioned if the waste water is filtered,  
 and if the filter cake disposed of separately. 

1043. Atmospheric mercury emissions from MWCs in the USA have declined significantly over the 
past decade.  These reductions were partly due to reduction of mercury in the wastes, but also partly 
due to improvement/enhancement of control technologies.  In the early 1990s about 40 metric tons 
were released from MWCs, and by 2001 the atmospheric emission had declined to about 4 metric tons 
mercury (US EPA, 2001).   

1044. Current emission controls on New Jersey (USA) solid waste incinerators, which primarily 
consist of the injection of carbon into the particulate control device, remove an estimated 95% or more 
of the mercury from the exhaust gas.  The carbon is eventually mixed with the ash.  Based on informa-



Chapter 5.8 – Waste incineration 

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

221 

tion from the New Jersey task force, mercury remains adsorbed on the injected carbon and mercury 
releases from this residue are likely to be low (NJ MTF, 2002). 

1045. The US EPA developed atmospheric emission factors (EFs) for MWCs for the year 1994, as 
shown in Table 5.162.  The EFs for early years would likely be higher, and EFs for more recent years 
would likely be lower due to the decreased concentrations of mercury in the wastes.  

Table 5-162:  Average emission factors for municipal solid waste incinerators in the USA for 1994-1995 
(based on US EPA, 1997a)  

Combustor Type 

Mercury concentration  
µg/dry m3 at  

standard conditions,  
at 7% O2 

Average emission factors in  
g/metric ton waste 

MSW without acid gas control  340 1.4 
MSW with acid gas control 205 0.83 
MSW with acid gas control + 
carbon  19 0.077 

Refuse-derived fuel without 
acid gas control 260 2.6 

Refuse-derived fuel  with acid 
gas control 35 0.34 

Notes: Acid gas control includes SD, DSI/FF, SD/ESP, DSI/ESP, SD/FF, and SD/ESP configurations); 
SD = spray dryer; DSI = duct sorbent injection; ESP = electrostatic precipitator. 

5.8.1.5 Input factors and output distribution factors 

1046. 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. Also, the presented default factors are expert judg-
ments based on summarized data only, and - at present - no systematic quantitative approach has been 
involved in the development of the factors. In many cases calculating releases intervals will give a 
more appropriate estimate of the actual releases. 

1047. 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 

1048. Actual data on mercury levels in the waste - for example established through the procedures of 
this Toolkit - will lead to the best estimates of releases. 

1049. If no indications is available on the mercury concentration in the municipal waste, a first esti-
mate can be formed by using the default input factors selected in table 5-163 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 category (but not the abso-
lute minimum), and the high end factor will result in a high end estimate. The low end input factor is 
expected to be relevant for a situation where substantial parts of the waste products with high mercury 
concentration (thermometers, batteries, dental amalgam wastes, switches etc.) have been sorted out of 
the waste for separate treatment, and will therefore be present in lower numbers in the municipal 
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waste. The high end input factor is expected to be relevant for situations where no such sorting takes 
place and most of the product waste with high mercury concentrations is therefore present in the mu-
nicipal waste. As mentioned, the mercury levels in waste are of course also directly dependent on the 
consumption of mercury-containing products and materials in the country investigated. 

Table 5-163 Preliminary default input factors for mercury in municipal solid waste 

Material 
Default input factors; 
g Hg/metric ton waste;  
(low end - high end) *1 

Municipal solid waste (general 
"household" waste) *1 

1 - 10 

Notes: *1 The low end input factor is expected to be relevant for a situation where substantial  
 parts of the waste products with high mercury concentration (thermometers, batteries,  
 dental amalgam wastes, switches etc.) have been sorted out of the waste for separate  
 treatment, and will therefore be present in lower numbers in the municipal waste. The  
 high end input factor is expected to be relevant for situations where no such sorting  
 takes place and most of the product waste with high mercury concentrations is therefore  
 present in the municipal waste. As mentioned, the mercury levels in waste are of course  
 also directly dependent on the consumption of mercury-containing products and materials
 in the country investigated. 

b) Default mercury output distribution factors 

Table 5-164:  Preliminary default mercury output distribution factors for municipal solid waste incinera-
tion 

Default output distribution factors, share of Hg input 

Emission reduction devices *1 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 
disposal *4 

None 1   ? ?  

PM reduction with simple ESP,  
or similar 0.9  *3 ? ? 0.1 

Acid gas control with limestone (or 
similar acid gas absorbent) and 
downstream high efficiency FF or 
ESP PM retention 

0.5  *3 ? ? 0.5 

Mercury specific absorbents and  
downstream FF 0.1  *3 ? ? 0.9 

Notes:  *1 PM = particulate material; FF = fabric filter; ESP = electrostatic precipitator; 
*2 Depending on the specific flue gas cleaning systems applied, parts of the mercury otherwise deposited  
 as residue may follow marketed by-products (for example road bed slags/ashes and fly-ash for cement  
 production);  
*3 In case residues are not deposited carefully, mercury in residues could be considered released to land;  
*4 May be landfilled at general waste landfill or at specially secured hazardous waste landfills. 

c) Links to other mercury sources estimation 

1050. For the waste treatment sub-categories it is very important to keep in mind that the mercury 
content in the waste originates from 1) intentionally used mercury in discarded products and process 



Chapter 5.8 – Waste incineration 

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

223 

waste; 2) natural mercury impurities in high volume materials (plastics, paper, etc.) and minerals; and 
3) mercury as a human-generated trace pollutant in high volume materials. Note that parts of these 
mercury inputs may be directed to municipal, hazardous and medical waste. 

1051. The mercury releases to the environment and waste deposits from these sub-categories should 
therefore be seen as a consequence of mercury being present in the products used in society. 

1052. Similarly, the estimated mercury inputs to waste treatment sub-categories can be qualified 
through the quantification of mercury inputs to society with products and materials, as described in 
sections 5.4 - 5.6. Beware of double-counting of such mercury inputs when developing the mercury 
inventory. 

1053. Note that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit. 

5.8.1.6 Source specific main data 

1054. The most important source specific data would in this case be: 

• In case mercury inputs to waste (through products etc.) can be estimated quite accurately, these 
input data can be used in the quantification of mercury releases from waste incineration. Note, 
however, that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit, and quantification 
of total inputs would therefore tend to be underestimated when using this approach. 

1055. As mercury inputs in waste are typically difficult to measure, or otherwise quantify accurately, 
the following data may likely give the best estimates of mercury releases/outputs from waste incinera-
tion: 

• Atmospheric releases: Measurements of average mercury concentrations in the flue gas combined 
with measurements of flue gas produced (per year) at average conditions; 

• Outputs to solid residues: Measurements of average mercury concentrations and amounts of resi-
dues produced per year for each relevant residue output stream (ashes/slags, flue gas cleaning 
residues, gypsum boards etc.); 

• Aquatic releases (if any): Measurements of average mercury concentrations in the aquatic dis-
charges combined with measurements of the amounts discharged (per year) at average conditions. 

1056. See also advice on data gathering in section 4.4.5. 

5.8.2 Incineration of hazardous waste 
5.8.2.1 Sub-category description 

1057. The mercury content in the hazardous waste stream originates primarily from intentionally 
used mercury in discarded products and process waste. Some hazardous waste is incinerated as part of 
the treatment/disposal management. The mercury concentrations are directly dependent on the inputs 
of mercury to the waste, and will therefore likely vary much between different countries and circum-
stances. 

1058. Hazardous waste refers to residues and wastes which contain hazardous materials in signifi-
cant quantities. Generally spoken, all materials including consumer goods, which require special pre-
cautions and restrictions during handling and use, belong to this group. Any consumer goods, which 
are labelled to such an extent and have entered the waste stream, must be considered hazardous waste. 
These include solvents and other volatile hydrocarbons, paints and dyes, chemicals including pesti-
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cides and herbicides, pharmaceutical products, batteries, fuels, oils and other lubricants, as well as 
goods containing heavy metals. Also, all materials contaminated with these materials such as soaked 
rags or paper, treated wood, production residues, etc., are considered hazardous waste (UNEP, 2003). 

1059. Waste with high concentrations of mercury would generally not be suitable for incineration, 
and would preferably be sorted out of the hazardous waste before incineration and treated separately. 
In practice this may, however, not always be fully attained. 

1060. Typically hazardous waste is burned either in special technology incinerators or in rotary kiln 
type furnaces. Special technology incinerators include very low technology drum type, grate type, or 
muffle type furnaces. Also, other technologies (such as supercritical water oxidation, and electric arc 
vitrification) which treat hazardous waste, can be included in this group (although they are not neces-
sarily classified as “incineration”). Hazardous waste is in some countries incinerated at cement plants 
and light weight aggregate kilns, which are described in sections 5.3.1 and 5.3.3. 

1061. Incinerators are equipped with a wide variety of air pollution control devices that range in 
complexity from no control to complex, state-of-the-art systems that provide control for several pol-
lutants. Generally speaking, the control techniques employed resemble the ones described for munici-
pal waste incineration (see section 5.8). 

5.8.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-165 Main releases and receiving media from incineration of hazardous waste 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Incineration  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. 

1062. The mercury content in the waste determines the mercury inputs. The incineration technology 
and particularly the flue gas cleaning systems applied, determine the distribution of the output of mer-
cury between air emissions, accumulation in solid incineration and gas cleaning residues, and releases 
to water (only indirectly to water via some flue gas cleaning technology types).  

5.8.2.3 Discussion of mercury inputs 

1063. Mercury inputs to hazardous waste may vary extensively between countries due to differences 
in waste sorting and waste handling/treatment practices. General data on mercury inputs to this sector 
can most likely not be defined, and consequently a detailed datasearch and/or measurements on indi-
vidual hazardous waste facility could be necessary. 

1064. In cases where reliable mercury release estimates exist from very similar conditions (may ap-
ply within the same country or local region), an extrapolation based on waste amounts may is a possi-
ble approach to form preliminary estimates. 

5.8.2.4 Examples of mercury in releases and wastes/residues 

1065. The US EPA estimated atmospheric emissions of mercury from hazardous waste incinerators 
for the year 1996. Using similar calculations, an average mercury baseline emission rate for cement 
kilns and light-weight aggregate kilns was also calculated (US EPA, 1997a). Total 1996 atmospheric 
mercury emissions from hazardous waste combustion in the USA were estimated to be 6.3 metric tons 
(US EPA, 1997a). No data were given for mercury outputs to solid residues or waste water. 
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1066. Incinerators are equipped with a wide variety of air pollution control devices that range in 
complexity from no control to complex, state-of-the-art systems that provide control for several pol-
lutants. Generally speaking, the control techniques employed resemble the ones described for munici-
pal waste incineration (see section 5.8). 

5.8.2.5 Input factors and output distribution factors 

1067. Due to lack of data, it is not deemed reasonable to define default factors for hazardous waste 
incineration. Note, however, that hazardous waste incineration may be a significant mercury release 
source, and it should therefore not be neglected in the inventory. If possible, site specific data should 
be obtained. 

1068. In cases where no site specific data can be obtained, a first very rough estimate can be formed 
by combining data for amounts of hazardous waste incinerated with the default input factors set for 
medical waste (section 5.8.3); most of the possible mercury input sources are the same. For the mer-
cury outputs, the default output distribution factors set for municipal waste incineration may be used 
as defaults (section 5.8.1). 

1069. In cases where reliable site specific mercury release estimates exist from very similar condi-
tions (may apply within the same country or local region), an extrapolation based on waste amounts 
may be a better approach to form preliminary estimates. 

1070. Links to other mercury sources estimation - For the waste treatment sub-categories it is 
very important to keep in mind that the mercury content in the waste originates from 1) intentionally 
used mercury in discarded products and process waste; 2) natural mercury impurities in high volume 
materials (plastics, paper, etc.) and minerals; and 3) mercury as a human-generated trace pollutant in 
high volume materials. Note that parts of these mercury inputs may be directed to municipal, hazard-
ous and medical waste. 

1071. The mercury releases to the environment and waste deposits from these sub-categories should 
therefore be seen as a consequence of mercury being present in the products used in society. 

1072. Similarly, the estimated mercury inputs to waste treatment sub-categories can be qualified 
through the quantification of mercury inputs to society with products and materials, as described in 
sections 5.4 - 5.6. Beware of double-counting of such mercury inputs when developing the mercury 
inventory. 

1073. Note that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit. 

5.8.2.6 Source specific main data 

1074. The most important source specific data would in this case be: 

• In case mercury inputs to waste (through products etc.) can be estimated quite accurately, these 
input data can be used in the quantification of mercury releases from waste incineration. Note, 
however, that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit, and quantification 
of total inputs would therefore tend to be underestimated when using this approach. 

1075. As mercury inputs in waste are typically difficult to measure, or otherwise quantify accurately, 
the following data may likely give the best estimates of mercury releases/outputs from waste incinera-
tion: 

• Atmospheric releases: Measurements of average mercury concentrations in the flue gas combined 
with measurements of flue gas produced (per year) at average conditions; 
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• Outputs to solid residues: Measurements of average mercury concentrations and amounts of resi-
dues produced per year for each relevant residue output stream (ashes/slags, flue gas cleaning 
residues, gypsum boards etc.); 

• Aquatic releases (if any): Measurements of average mercury concentrations in the aquatic dis-
charges combined with measurements of the amounts discharged (per year) at average conditions. 

5.8.3 Incineration of medical waste 
5.8.3.1 Sub-category description 

1076. Medical waste includes infectious and noninfectious wastes generated by a variety of facilities 
engaged in medical care, veterinary care, or research activities such as hospitals, clinics, doctors' and 
dentists’ offices, nursing homes, veterinary clinics and hospitals, medical laboratories, and medical 
and veterinary schools and research units. The mercury content in the medical waste stream originates 
primarily from intentionally used mercury in discarded products and process waste. The mercury con-
centrations are directly dependent on the inputs of mercury to the waste, and will therefore likely vary 
much between different countries and circumstances. 

1077. Medical waste is considered to be every waste generated from medical activities regardless if 
these activities take place in a hospital or are performed by a medical doctor, dentist or any other phy-
sician. The waste generated during these activities includes secretes, blood, pharmaceuticals and pack-
aging materials and/or tools used for the medical treatment of people or animals. To reliably destroy 
viruses, bacteria, and pathogens this waste is often thermally treated by incineration (UNEP, 2003). A 
medical waste incinerator (MWI) is any device that burns such medical waste. 

1078. In some countries medical waste - as defined above - is incinerated in hazardous waste incin-
erators or in municipal waste incinerators suited for the purpose.  

1079. Available information indicates that MWI systems can be significant sources of mercury 
emissions. Mercury emissions result from mercury-bearing materials contained in the waste. Known 
mercury sources include thermometers, dental material with mercury amalgam, batteries, laboratory 
chemicals (in tissue samples etc.), fluorescent lamps, high-intensity discharge lamps (mercury vapour, 
metal halide, and high-pressure sodium); special paper and film coatings, and pigments; most of which 
should preferably be sorted out the waste stream before incineration, if possible. Note that this compo-
sition overlaps with possible mercury inputs to hazardous waste, and in many cases it may be difficult 
to determine this distribution of mercury inputs, if both kinds of waste incineration take place in a 
country. 

1080. Incinerators are equipped with a wide variety of air pollution control devices. Generally 
speaking, the control techniques employed resemble the ones described for municipal waste incinera-
tion (see section 5.8.1). 

1081. A number of air pollution control system configurations have been used to control particulate 
material (PM) and gaseous emissions from the medical waste incinerators combustion stacks. Most of 
these configurations fall within the general classes of wet systems and dry systems. Wet systems typi-
cally comprise a wet scrubber designed for PM control (venturi scrubber or rotary atomizing scrubber) 
in series with a packed-bed scrubber for acid gas removal and a high-efficiency mist elimination sys-
tem. Most dry systems use a fabric filter for PM removal, but ESP's have been installed on some larger 
medical waste incinerators. These dry systems may use sorbent injection via either dry injection or 
spray dryers upstream from the PM device to enhance acid gas control. Additionally, some systems 
incorporate a combination dry/wet system that comprises a dry sorbent injection/fabric filter system 
followed by a venturi scrubber. Because the systems described above are designed primarily for PM 
and acid gas control, they have limitations relative to mercury control. However, recent EPA studies 
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indicate that sorbent injection/fabric filtration systems can achieve improved mercury control by add-
ing activated carbon to the sorbent material (US EPA, 1997a). 

 
5.8.3.2 Main factors determining mercury releases and mercury outputs 

Table 5-166 Main releases and receiving media from incineration of medical waste 

Phase of life cycle Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Incineration 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. 

1082. The mercury content in the waste determines the mercury inputs. The incineration technology 
and particularly the flue gas cleaning systems applied, determine the distribution of the output of mer-
cury between air emissions, accumulation in solid incineration and gas cleaning residues, and releases 
to water (only indirectly to water via some flue gas cleaning technology types).  

5.8.3.3 Discussion of mercury inputs 

Table 5-167 Overview of activity rate data and mercury input factor types needed to estimate releases 
from incineration of medical waste 

Activity rate data needed Mercury input factor 

Amount of waste incinerated Concentration of mercury  
in the waste 

 

1083. According to US EPA (2004) there is up to 50 times more mercury in medical waste than in 
general municipal waste in the USA, and the amount of mercury emitted from general medical incin-
erators averages more than 60 times that from pathological waste incinerators  

5.8.3.4 Examples of mercury in releases and wastes/residues 

1084. In Canada in 1995, in total 580 kg mercury was emitted to the air from 218 biomedical incin-
erators, accounting for 28 % of the total waste incinerator emission in the country (Environment Can-
ada, 2000). Sources of mercury in waste products included batteries, fluorescent and high intensity 
lighting, fixtures, thermometers, specialty papers and films, and pharmaceutical materials and pig-
mented materials. Based on a 1990 emissions sampling program involving six hospitals in Ontario, it 
was estimated that, on average, 14 grams of mercury were emitted for each metric ton of waste incin-
erated (Environment Canada, 2000).  

1085. In the USA in 1996, 14.6 metric tons mercury was emitted to the atmosphere from incinerat-
ing 204,000 metric tons of pathological waste and 1,410,000 metric tons general medical waste (US 
EPA, 1997b). This corresponds to an average atmospheric emission of 8.9 g/metric ton of waste. 

1086.  The general medical waste contain significantly more mercury than the pathological waste 
and the average for the general medical waste will thus be slightly higher that 8.2 g mercury per metric 
ton (US EPA, 2004) 

1087. The primary outlet of atmospheric emissions to air from medical waste incineration is the 
combustion gas exhaust stack. However, small quantities of mercury may be contained in the fugitive 
PM emissions from ash handling operations, particularly if the fly ash is collected in a dry air pollution 
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control system with high mercury removal efficiencies. During the 1980s and 1990s, mercury emis-
sions have been measured at least 47 medical waste incinerators (MWI's) in the USA. About 40 of 
these tests were considered by the US EPA to be adequate for emission factor development (US EPA, 
1997a).  

1088. Emission factors for MWI's with combustion controls, wet scrubbers, fabric filter/packed bed 
systems, and dry scrubbers (with and without activated carbon injection) were developed by US EPA. 

1089. Table 5.168 presents the atmospheric emission factors for MWI's with each control technol-
ogy developed by US EPA (1997a). The emission factors presented in the table are average emission 
factors that represent emissions from continuous and intermittent MWI's that burn a mixture of nonin-
fectious waste and infectious waste. While the procedure used to calculate the MWI emission factors 
provides average emission factors that represent the industry cross section, it should not be used to 
determine emission factors for individual facilities. The numbers seam to indicate that the mercury 
inputs in the incinerated medical waste would in this case be close to - a little higher than – 37 g mer-
cury per metric ton of waste. This situation may have changed towards lower values since 1997. 

Table 5-168 Atmospheric mercury emission factors for medical waste incinerators (MWIs), developed by 
US EPA (1997a) 

Air Pollution Control g/metric ton waste 

Combustion control 37 

Wet scrubber 1.3 

Dry scrubber without carbon 37 

Dry scrubber with carbon 1.7 

Fabric Filter/packed bed 1.3 

 

5.8.3.5 Input factors and output distribution factors 

1090. 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. 

1091. 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 

1092. Actual data on mercury levels in the waste - for example established through the procedures of 
this Toolkit - will lead to the best estimates of releases. 

1093. If no indications is available on the mercury concentration in the waste, a first estimate can be 
formed by using the default input factors selected in table 5-169 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 has 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. 
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Table 5-169 Preliminary default input factors for mercury in medical waste 

Material 
Default input factors; 
g Hg/metric ton waste;  
(low end - high end) *1 

Medical waste *1 8 - 40 
Notes: *1 The low end input factor is expected to be relevant for a situation where substantial 

parts of the waste products with high mercury concentration (thermometers, batter-
ies, dental amalgam wastes, fluorescent lamps etc.) have been sorted out of the 
waste for separate treatment, and will therefore be present in lower amounts in the 
waste. The high end factor is expected to reflect a situation where mercury contain-
ing products are still used in the medical sectors and the separation of these products 
from the waste stream is more moderate. 

b) Default mercury output distribution factors 

1094. In case no site specific data on distribution of mercury outputs are available, the default mer-
cury output distribution factors set for municipal waste incineration can be applied to form a first 
rough estimate (see section 5.8.1). 

c) Links to other mercury sources estimation 

1095. For the waste treatment sub-categories it is very important to keep in mind that the mercury 
content in the waste originates from 1) intentionally used mercury in discarded products and process 
waste; 2) natural mercury impurities in high volume materials (plastics, paper, etc.) and minerals; and 
3) mercury as a human-generated trace pollutant in high volume materials. Note that parts of these 
mercury inputs may be directed to municipal, hazardous and medical waste. 

1096. The mercury releases to the environment and waste deposits from these sub-categories should 
therefore be seen as a consequence of mercury being present in the products used in society. 

1097. Similarly, the estimated mercury inputs to waste treatment sub-categories can be qualified 
through the quantification of mercury inputs to society with products and materials, as described in 
sections 5.4 - 5.6. Beware of double-counting of such mercury inputs when developing the mercury 
inventory. 

1098. Note that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit. 

5.8.3.6 Source specific main data 

1099. The most important source specific data would in this case be: 

• In case mercury inputs to waste (through products etc.) can be estimated quite accurately, these 
input data can be used in the quantification of mercury releases from waste incineration. Note, 
however, that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit, and quantification 
of total inputs would therefore tend to be underestimated when using this approach. 

1100. As mercury inputs in waste are typically difficult to measure, or otherwise quantify accurately, 
the following data may likely give the best estimates of mercury releases/outputs from waste incinera-
tion: 

• Atmospheric releases: Measurements of average mercury concentrations in the flue gas combined 
with measurements of flue gas produced (per year) at average conditions; 
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• Outputs to solid residues: Measurements of average mercury concentrations and amounts of resi-
dues produced per year for each relevant residue output stream (ashes/slags, flue gas cleaning 
residues, gypsum boards etc.); 

• Aquatic releases (if any): Measurements of average mercury concentrations in the aquatic dis-
charges combined with measurements of the amounts discharged (per year) at average conditions. 

5.8.4 Sewage sludge incineration 
5.8.4.1 Sub-category description 

1101. Sewage sludge is the product of any wastewater treatment processes regardless of its origin 
(e.g., wastewater from municipal, agricultural or industrial activities). The mercury concentrations are 
directly dependent on the inputs of mercury to the waste water, and will therefore likely vary much 
between different countries and circumstances. 

1102. If the concentrations of hazardous substances are low enough, the sludge may be spread on 
farmland as fertilizer in some countries. Otherwise, the sludge can either be incinerated (separately or 
by co-combustion in power plants, municipal waste incinerators, cement kilns etc.), be landfilled, or 
undergo other treatment like wet oxidation, pyrolysis, gasification, etc. 

1103. In some countries, sewage sludge is commonly sent for incineration as final disposal. In the 
USA for example, about 785,000 metric tons of sewage sludge (dry weight) are estimated to be incin-
erated annually (B. Southworth, 1996, as cited in US EPA, 1997a). 

Process Description 

1104. The sewage sludge incineration process involves two primary steps. The first step is the dewa-
tering of the sludge (or evaporization of moisture from the sludge). Sludge is generally dewatered until 
it is about 20 - 35% solids. Systems using Thermal Conditioning Processes regularly obtain dewatered 
sludge that contains in excess of 40% solids. Sludge will usually burn without auxiliary fuel if it is 
greater than 25% solids. After dewatering, the sludge is sent to the incinerator, and thermal oxidation 
occurs. The following description is for sludge incineration in separate incinerators, often placed as an 
integrated part of larger waste water treatment plants: The unburned residual ash is removed from the 
incinerator, usually in a continuous basis, and is disposed in a landfill or reused (i.e., bricks, concrete, 
asphalt, etc.). A portion of the noncombustible waste, as well as unburned volatile organic compounds, 
exits the combustor through the exhaust gas stream. Air pollution control devices, primarily wet 
scrubbers, are used to remove pollutants from the exhaust gas stream. The gas stream is then ex-
hausted, and the pollutants collected by the control device are sent back to the head of the wastewater 
treatment plant with the scrubber effluent (and thereby re-introduced in the waste water treatment sys-
tem). Because mercury and mercury compounds are relatively volatile, most mercury will leave the 
combustion chamber in the exhaust gas; concentrations in the ash residue are expected to be negligible 
(US EPA, 1997a). 

1105. If such a system is not purged deliberately through any other material outputs (for example by 
landfilling ashes or some of the flue gas cleaning residues), the only mercury output paths will in prin-
ciple be atmospheric releases from the incineration, and releases with the treated waste water at the 
outlet of the waste water treatment plant. 
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5.8.4.2 Main factors determining mercury releases and mercury outputs 

Table 5-170 Main releases and receiving media from sewage sludge incineration 

Process Air Water Land Products 
General 

waste 

Sector specific 
treatment/ 

disposal 

Sludge incineration 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. 

1106. The most important factors determining releases of mercury from this sub-category are the 
concentration of mercury in the sludges that are incinerated, the type of control measures present at the 
source, and the fate of the incineration residues. If all incineration residues are fed back into the waste 
water treatment plant, no mercury retention is attained; a steady state situation will build up and all 
mercury inputs will be released to the atmosphere or to aquatic environments via the outlet of the 
waste water plant. 

5.8.4.3 Discussion of mercury inputs 

Table 5-171 Overview of activity rate data and mercury input factor type needed to estimate releases 
from sewage sludge incineration 

Activity rate data needed Mercury input factor 

Amount of sewage sludge incinerated  
(preferably on ad dry matter basis) 

Concentration of mercury in sewage sludge  
incinerated (preferably on ad dry matter basis) *1 

Notes: *1 For the same sludge (and with the same actual mercury content), dry matter based con-
centration will always be higher than wet matter concentrations. Always use the same 
basis (wet or dry) for the amounts of sludge, and the mercury concentration in sludges, 
when calculating mercury inputs. 

1107. The most recent data on the mercury content of sewage sludge in the USA obtained from the 
1988 National Sewage Sludge Survey showed a mean mercury concentration of 5.2 ppmwt (parts per 
million by weight = g Hg/metric ton). Earlier data obtained in the mid 1970's indicate that mercury 
concentrations in municipal sewage sludge ranged from 0.1 - 89 ppmwt with a mean value of 7 ppmwt 
and a median value of 4 ppmwt. Other early data collected by US EPA from 42 municipal sewage 
treatment plants in the early 1970's showed a range of 0.6 - 43 ppmwt, with a mean value of 4.9 
ppmwt on a dry solids basis (US EPA, 1997a). 

1108. In Denmark in 1999, average mercury concentrations in sludge samples representing about 
95% of the total sewage sludge production in Denmark were 1.2 g Hg/metric ton of dry sludge (dry 
matter basis). Of this, about 41% was applied on agricultural or forest land, about 28% was inciner-
ated, and remainder was landfilled or other wise stored or treated. (Skårup et al., 2003, based on Dan-
ish EPA, 2001). 

1109. In Finland, the average mercury concentration in sewage sludge is 0.5 g/metric ton (dry matter 
basis; Finnish Environment Institute, 2004). 

1110. Lassen et al. (2004) presents examples of reported mercury concentrations in municipal sew-
age sludge. In major cities represented (Moscow St. Pertarsburg), the concentrations are about 1-2 g 
Hg/metric ton (dry matter basis). In smaller cities represented concentrations vary more; most results 
are in the range of 0.1-1 g Hg/metric ton (dry matter basis), while 4 out of 14 smaller cities have re-
sults in the range of 2.4-10 g Hg/metric ton (dry matter basis). 
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emission
gas 

5.8.4.4 Examples of mercury in releases and wastes/residues 

1111. Various wet scrubbers are used to control pollutant emissions from sludge incinerators, includ-
ing low pressure drop spray towers, wet cyclones, higher pressure drop venturi scrubbers, and ven-
turi/impingement tray scrubber combinations (US EPA, 1997a). 

1112. Emissions factors from US EPA, which have been developed for various controls scenarios, 
are presented in table 5-172. However, mercury concentration in sludge and effectiveness of the con-
trol technologies vary widely, therefore these emissions factors have limitations and uncertainty.  

1113. If such a system is not purged deliberately through any other material outputs (for example by 
landfilling ashes or some of the flue gas cleaning residues), the only mercury output paths will in prin-
ciple be atmospheric releases from the incineration, and releases with the treated waste water at the 
outlet of the waste water treatment plant. 

Table 5-172  Atmospheric mercury emissions factors for sewage sludge incinerators in the USA 

Incinerator type Control status 

Atmospheric Mercury  
Emission factor in 

g per metric tons dry sludge  
(g/metric tons) 

Multiple Hearth Cyclone 2.3 

Multiple Hearth Cyclone and venturi scrubber 1.6 

Multiple Hearth Impingement scrubber 0.97 

Multiple Hearth Venturi scrubber and impingement scrubber 0.005 

Fluidized Bed Venturi scrubber and impingement scrubber 0.03 

 

1114. In Germany studies have demonstrated that only 1-6 % of the mercury supplied with the 
sludge is found in the fly ash separated with electrostatic precipitators (Saenger et al., 1999a). 

1115. The distribution of mercury by incineration of sewage sludge in a fluidized bed sludge incin-
erator in Hamburg, Germany, is shown in figure 5-2. The mercury concentration of the raw flue gas 
ranged between 500 and 950 µg/m3 whereas is in the cleaned gas was below 40 µg/m3 (Saenger  
et al., 1999b). The incinerator is equipped with an adsorber with injection of a mixture 
of activated carbon and lime hydrate. The adsorbent is removed in a fibrous filter,  
which is fed into the incinerator.  

⇓          

Incinerator 
⇒ 
 

Electrostatic 
precipitator 

⇒ 
 

Acid scrubbers ⇒ Adsorber ⇒   4%  

⇓ First Second  
 

 ⇓  
⇓ ⇓ 

 
 

Bed and boiler ash 
0.2% 

 
Collected ash 

4.2% 
 

Residue 
76.9% 

Gypsum
3.7% 

Difference to balance 11%

Figure 5-2 Balance of mercury in a sewage sludge incineration plant of Hamburg, Germany (Saenger 
et al., 1999b) 

5.8.4.5 Input factors and output distribution factors 

1116. No attempt was made to establish default factors for this sub-category. Mercury inputs to and 
releases from sludge incineration is highly dependent on the amounts of mercury discharged to the 
waste water treatment system. 
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1117. Links to other mercury sources estimation - Mercury in sludge led to sludge incineration 
may also be calculated in the section on waste water treatment. Beware of double counting. 

5.8.4.6 Source specific main data 

1118. The most important source specific data would in this case be: 

• Measured data or literature data on the mercury concentrations in the sludges combusted at the 
source; 

• Amount of sludge burned; and  

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

1119. See also advice on data gathering in section 4.4.5. 

5.8.5 Informal waste incineration 
5.8.5.1 Sub-category description 

1120. Informal waste incineration is defined here as waste incineration undertaken at informal con-
ditions, in barrels, containers, or on bare land, with no flue gas controls and diffuse spreading of incin-
eration residues on land. If mercury is present in the waste, part of it will be released to air, and part of 
it will remain in incineration residues (including unburned and semi-degraded waste) with a potential 
for additional subsequent mercury releases to air, ground water and surface waters. Given the volatility 
of mercury, it is expected that most of the mercury is released into the air as a result of informal waste 
incineration. This waste disposal method may pose an immediate risk for the local community in 
which it takes place, because air emissions (of several potent pollutants) are not controlled and resi-
dues may cause contamination of the local ground water. 

1121. If this is a widespread waste disposal method in the country or region examined, the potential 
mercury releases can be indicated through 1) quantification of mercury inputs with individual products 
and materials as described in this Toolkit, or 2) by applying the mercury input default factors (mercury 
concentrations in municipal waste) described in section 5.8.1 (municipal waste incineration), in com-
bination with rough estimates of amounts of waste incinerated informally per year. The resulting esti-
mates are of course very uncertain, but may give a rough indication of the order of magnitude of mer-
cury releases from informal waste incineration. 

c) Links to other mercury sources estimation 

1122. It should be noted, that mercury releases to informal waste incineration and waste dumping 
under the individual product and materials sub-categories are quantified there as direct releases to 
land, air and water. Beware of double-counting. Note, however, that mercury inputs to incineration 
from mercury trace concentrations in high volume materials (plastics, paper, etc.) are not quantified 
individually elsewhere in this Toolkit.
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5.9 Waste deposition/landfilling and waste water treatment 

Table 5-173 Waste deposition/landfilling and waste water treatment:  sub-categories with primary path-
ways of releases of mercury and recommended inventory approach 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main  
inventory 
approach 

5.9.1 Controlled landfills/deposits x x X  X OW 

5.9.2 Diffuse deposition under some con-
trol  x X X  X OW 

5.9.3 Informal local disposal of industrial 
production waste X X X   PS 

5.9.4 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. 

5.9.1 Controlled landfills/deposits 
5.9.1.1 Sub-category description 

1123. Mercury content in the general waste stream originates from three main groups: 1) intention-
ally used mercury in spent products and process waste; 2) natural mercury impurities in bulk materials 
(plastics, tin cans, etc.) and minerals, and; 3) mercury as an anthropogenic trace pollutant in bulk ma-
terials. The quantitative split between deposition, incineration and other treatments of waste vary be-
tween countries. Informal, uncontrolled waste dumping may be significant in some countries. Types of 
waste (and thereby mercury content) allowed at landfills/deposits may vary between countries, and 
deposits receiving more hazardous waste fractions - for instance chemicals or solid residues from 
waste incineration - is sometimes designed to give better protection of the groundwater and other envi-
ronmental media. 

1124. Throughout the history of any deposit/landfill, relatively small amounts of mercury are re-
leased annually from the deposit with outputs of water (leaching water and surface run-off), and with 
air to the atmosphere, because part of the mercury is slowly evaporating from the waste. The fate of 
the mercury released with water depends greatly on the presence and efficacy of protective lining un-
der the deposit and associated waste water management. If the water is not collected and sent to waste 
water cleaning, the mercury (and other substances) may contaminate soil and groundwater under and 
around the deposit. If the water is sent to waste water cleaning, the mercury will mainly follow the 
sludge fraction and go to land use or other fate, while the rest will follow the water discharge from the 
waste water treatment (COWI, 2002). 

1125. The largest "release" of mercury, in terms of mercury quantities associated with deposition of 
waste, is of course the actual accumulation of waste - and thereby mercury - on the site, possibly giv-
ing rise to long term environmental impacts through excavation, urbanisation and other impacts. 

1126. For "average composition" municipal waste, it may be useful in the quantification of releases 
to consider the split of waste amounts between the different waste treatment streams applied in the 
country; quantifications from waste incineration may give some impression of the general content of 
mercury in municipal waste. 
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1127. According to Lindberg et al. (2001), landfills are the only measured anthropogenic sources of 
dimethyl-mercury, along with monomethyl-mercury the main mercury species responsible for mercury 
effects in the broad public through seafood digestion. Methyl-mercury is also formed from elemental 
mercury (from anthropogenic and natural sources) by biological processes in nature (see UNEP, 
2002). 

1128. Shunlin Tang et al. (2004) indicated a clear trend that mercury releases to the atmosphere (to-
tal gaseous mercury) from relatively new waste were higher at daytime than during the night. This 
finding could indicate - as could perhaps be expected - that mercury releases to the atmosphere from 
landfills is influenced by ambient temperatures. Other factors which could change in the time span of a 
day - like atmospheric pressure - could perhaps also have influenced the mercury concentrations in the 
landfill venting gases. In the general situation, one would expect the releases of mercury with landfill 
gas to be higher in regions with higher ambient temperatures, due to the temperature dependence of 
the volatility of mercury and methyl-mercury, and perhaps also the temperature dependence of micro-
bial activity. Besides the concentration and physical availability of the mercury in the waste, regional 
ambient temperatures could perhaps be an important factor in the magnitude of atmospheric mercury 
releases from landfills. 

5.9.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-174 Main releases and receiving media from controlled landfills/deposits 

Phase of life cycle Air Water Land Product General 
waste 

Sector specific 
treatment/ 

disposal 

Landfills 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 na-
tional situation. 

5.9.1.3 Discussion of mercury inputs 

Table 5-175 Overview of activity rate data and mercury input factor types needed to estimate releases 
from controlled landfills/deposits 

Activity rate data needed Mercury input factor 

Amounts of waste landfilled Mercury concentration in the waste 

 

1129. For discussion of mercury content in municipal waste, see section 5.8.1 on municipal waste 
incineration. 

5.9.1.4 Examples of mercury in releases 

1130. Examples of mercury concentrations in land fill gas and leachate are shown in table 5-176 be-
low. 

1131. Lindberg et al. (2004) note that mercury fluxes from landfills are dominated not by landfill 
gas, but by releases during routine waste handling operations at the working face of the landfill; direct 
emissions are according to Lindberg et al. (2004) typically below 10% of the total mercury release 
from landfills. 

1132. Based on measurements of mercury releases via landfill gas flares, landfill cover and the 
working face where the new waste is worked on and not yet covered, Lindberg (2004) estimated the 
total atmospheric releases from municipal landfill operations in the state of Florida, USA, to be in the 
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order of 10-50 kg mercury per year. Mercury releases from the working face of the landfills were more 
than tenfold higher than the mercury releases with flared land fill gas. 

Table 5-176 Examples of mercury concentrations in landfill gas and leachate 

Country  
(location) 

Landfill gas 
(ng/m3) *1 

Leachate 
(µg Hg/l) Reference and remarks 

Mexico  
(Mexico City) 

Range in 4 landfills: TGM 20-50; 
range in a 5th landfill: TGM 1100-
1500 

Range in same 4 
landfills: 0.3-5; 

same 5th landfill: 9 

De la Rosa et al., 2004; 5 
land fills, municipal waste 
from Mexico City area 

Korea Average: TGM 420  Kim and Kim, 2002, as cited 
by De la Rosa et al., 2004 

USA  
(Florida) 

8 active landfills: 
Range of site averages: 
TGM 340 - 12000 
(6 sites with TGM above 1390, 4 sites 
with TGM above 6900) 
4 closed landfills: 
Range of site averages:TGM 10 - 140 

 

Lindberg et al., 2004; in-
cludes also measured concen-
trations of DMHg and 
MMHg 

USA  
(Minnesota) 

Average from one closed landfill: 
TGM 8600  Lindberg et al., 2004 

USA  
(Delaware) 

Average from one active landfill: 
TGM 410  Lindberg et al., 2004 

USA  
(California) 

Average from one closed landfill: 
TGM 4700  Lindberg et al., 2004 

China  
(Guiyang, capi-
tal of Guizhou 
province) 

Vent gas from 6 months old munici-
pal waste: 
TGM: 666 
Vent gas from 12 months old waste: 
TGM: 25.6 
Vent gas from 24 months old waste: 
TGM: 14.5  

 Shunlin Tang et al., 2004. In 
municipal waste. 

Denmark  0.5 
Maag et al., 1996; used in 
reference as roughly esti-
mated DK average 

Notes: *1 TGM = total gaseous mercury (this includes all gaseous mercury species present); 
MMHg: Mono-methyl-mercury (organics species), DMHg. Dimethyl-mercury (organic species). 

5.9.1.5 Input factors and output distribution factors 

a) Default mercury input factors 

1133. Actual data on mercury levels in the waste - for example established through the procedures of 
this Toolkit - will lead to the best estimates of mercury inputs to landfills. 

1134. If no indications is available on the mercury concentration in municipal waste, a first estimate 
can be formed by using the default input factors selected in table 5-177 below (based on the data sets 
presented in section 5.8.1 on municipal waste incineration). 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. The 
low end input factor is expected to be relevant for a situation where substantial parts of the waste prod-
ucts with high mercury concentration (thermometers, batteries, dental amalgam wastes, switches etc.) 
have been sorted out of the waste for separate treatment, and will therefore be present in lower 
numbers in the municipal waste. The high end input factor is expected to be relevant for situations 



Chapter 5.9 – Waste deposition/landfilling and waste water treatment 

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

237 

where no such sorting takes place and most of the product waste with high mercury concentrations is 
therefore present in the municipal waste. As mentioned, the mercury levels in waste are of course also 
directly dependent on the consumption of mercury-containing products and materials in the country 
investigated. 

1135. No default input factors could be established for hazardous waste landfill, due to lack of data. 

Table 5-177 Preliminary default input factors for mercury in municipal waste 

Material 
Default input factors; 
g Hg/metric ton waste;  
(low end - high end) *1 

Municipal solid waste  
(general "household" waste) *1 

1 - 10 

Notes: *1 The low end input factor is expected to be relevant for a situation where substantial 
parts of the waste products with high mercury concentration (thermometers, batter-
ies, dental amalgam wastes, switches etc.) have been sorted out of the waste for 
separate treatment, and will therefore be present in lower numbers in the municipal 
waste. The high end input factor is expected to be relevant for situations where no 
such sorting takes place and most of the product waste with high mercury concentra-
tions is therefore present in the municipal waste. As mentioned, the mercury levels 
in waste are of course also directly dependent on the consumption of mercury-
containing products and materials in the country investigated. 

b) Default mercury output distribution factors 

1136. Input-correlated output distribution factors following the general principles of this Toolkit 
could not be established for landfills. 

1137. For municipal landfills, preliminary default contributions to atmospheric releases via landfill 
gas emissions were defined based on the data presented in this section. Note that these emission fac-
tors may likely underestimate atmospheric releases, because mercury releases from the landfill work-
ing face are not included. 

1138. The leachate data available are deemed too scarce for definition of default release factors to 
water. 

Table 5-178 Preliminary default emission factors suggested for landfilling of municipal waste( µg Hg/m3 
landfill gas released)  

Life cycle phase 
Air 

µg Hg/m3 land-
fill gas released 

Water 
µg Hg/m3 landfill 

gas released 

Released from landfill 500 - 5000 +++ ? 

Notes: +++ As described in the text above, landfill gas constitutes only a minor fraction of the 
total atmospheric mercury releases from municipal landfills - the emissions from the 
work face of the landfill may be much higher in some cases. 

c) Links to other mercury sources estimation 

1139. For the waste treatment sub-categories it is very important to keep in mind that the mercury 
content in the waste originates from 1) intentionally used mercury in discarded products and process 
waste; 2) natural mercury impurities in high volume materials (plastics, paper, etc.) and minerals; and 
3) mercury as a human-generated trace pollutant in high volume materials. Note that parts of these 
mercury inputs may be directed to municipal, hazardous and medical waste. 
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1140. The mercury releases to the environment and waste deposits from these sub-categories should 
therefore be seen as a consequence of mercury being present in the products used in society. 

1141. Similarly, the estimated mercury inputs to waste treatment sub-categories can be qualified 
through the quantification of mercury inputs to society with products and materials, as described in 
sections 5.4 - 5.6. Beware of double-counting of such mercury inputs when developing the mercury 
inventory. 

1142. Note that mercury inputs to incineration from mercury trace concentrations in high volume 
materials (plastics, paper, etc.) are not quantified individually in this Toolkit. 

5.9.1.6 Source specific main data 

1143. The most important source specific data would in this case be: 

• Amount of waste sent to landfills; and 

• Concentration of mercury in the waste sent to landfills. 

5.9.2 Diffuse deposition under some control 
5.9.2.1 Sub-category description 

1144. This sub-category covers deposition of special types of waste under roads, in constructions, 
etc. under controlled procedures (based on risk assessment) and with some retention of pollutants from 
wash-out, etc.; for example incineration residues, fly ash from coal combustion and other solid resi-
dues. Such deposition may in the long run lead to mercury releases to soil, groundwater, surface water 
and the atmosphere, and may therefore be of interest as a potential mercury source under individual 
circumstances. The sub-category covers wastes which are often produced in very large quantities. 

1145. The sub-category is not attempted quantified separately here, but is covered under the sub-
categories where the waste is generated, where it is generally designated as outputs to "sector specific 
treatment/disposal" accompanied by a descriptive table note. 

5.9.3 Informal local disposal of industrial production waste 
5.9.3.1 Sub-category description 

1146. In many countries, historical production activities involving the use and release of mercury 
have been proven to have caused local deposition - often on-site - of production waste with elevated 
mercury content. No attempt was made here to collect evidence of similar ongoing activities, but they 
cannot be ruled out, especially in countries with less strict regulation or enforcement of regulation on 
such industrial activities. 

1147. Incidents of informal or illegal disposal of industrial waste with elevated mercury content are 
of a local or national character, and it is difficult to give any general description of the phenomenon 
except that potential candidates may most likely be among the industrial activities listed in the section 
on "potential hotspots" (section 5.11). 

1148. Informal disposal of mercury waste may cause severe local mercury contamination and is 
therefore a potentially important mercury release source which must be identified and investigated on 
an individual basis. 
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5.9.4 Informal dumping of general waste 
5.9.4.1 Sub-category description 

1149. Informal dumping of waste is defined here as waste dumping undertaken under informal con-
ditions with no public control and no safeguards to minimise releases of pollutants to the surroundings. 
If mercury is present in the waste, it represents a potential for mercury releases to soil, air, ground wa-
ter and surface waters. This waste disposal method may pose an immediate risk for the local commu-
nity in which it takes place, because mercury (and other contaminants) may cause contamination of the 
local ground water. 

1150. If this is a widespread waste disposal method in the country or region examined, the potential 
mercury releases can be indicated through 1) quantification of mercury inputs with individual products 
and materials as described in this Toolkit, or 2) by applying the mercury input default factors (mercury 
concentrations in municipal waste) described in section 5.8.1 (municipal waste incineration), in com-
bination with rough estimates of amounts of waste dumped informally per year. The resulting esti-
mates are of course very uncertain, but may give a rough indication of the order of magnitude of mer-
cury releases from informal waste dumping. 

1151. Links to other mercury sources estimation - It should be noted that mercury releases to in-
formal waste incineration and waste dumping under the individual product and materials sub-
categories are quantified in these sub-sections as direct releases to land, air and water. Beware of dou-
ble-counting. Note, however, that mercury inputs to dumping from mercury trace concentrations in 
high volume materials (plastics, paper, etc.) are not quantified individually elsewhere in this Toolkit. 

5.9.5 Waste water system/treatment 
5.9.5.1 Sub-category description 

1152. The most important factors determining releases of mercury from waste water are the amount 
of mercury-containing wastes that are discharged to the system and the concentration of mercury in 
those wastes.  Mercury content in waste water mainly originates from the two source groups: 1) inten-
tionally used mercury in products and processes (such as from dental amalgams, spillage from ther-
mometers and other devices, and industrial discharges); and 2) atmospheric mercury washed out by 
precipitation that goes to waste water systems (originating from both anthropogenic and natural 
sources).  As such, waste water treatment is an intermediate mercury release source where mercury 
inputs from original mercury contamination is distributed on the output pathways water (with treated 
water), land (through the application of sludge as fertiliser) and air (through sludge incineration and 
sludge application). In addition some sludge is disposed of in landfills. 

1153. The quantitative split between the parts of waste water that go to public waste water (treat-
ment) systems and waste water discharged directly to aquatic environments varies between countries, 
and possibly also among local regions within a country. The same may be the case for the degree of 
mercury removal attained in treatment systems before the water is discharged to the environment (effi-
ciency for mercury retention may vary considerably depending on individual plant configurations). 
This sub-category also includes waste water piping systems that lead the collected waste water directly 
to the sea, ocean or water ways without any waste water cleaning activities involved. 

1154. Waste water treatment systems are facilities that receive waste water from domestic and indus-
trial sources and then clean it, filter it and treat it in various ways to remove harmful materials and to 
produce water clean enough to be discharged into local waterways, such as rivers or oceans. A typical 
waste water treatment plant consists of a collection system, a series of processes that remove solids, 
organics and other pollutants from wastewater, and a series of processes for managing and treating 
sludge. In addition to these treatment processes, these systems can also include intercepting sewers, 
outfall sewers, sewage collection systems, pumping, power and other equipment (US EPA, 1998). 
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5.9.5.2 Main factors determining mercury releases and mercury outputs 

Table 5-179 Main releases and receiving media from waste water system/treatment 

Phase of life cycle Air Water Land Prod-
ucts 

General 
waste 

Sector specific 
treatment/ 

disposal 

Waste water system/treatment  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. 

1155. Some larger industries have individual waste water cleaning facilities. Direct discharges of 
untreated waste water may take place in some cases both from industry and municipal waste water 
systems in some countries. Waste water piping systems receiving both actual waste water, rain water 
from roads, and other water runoff, are more prone to periodic direct release incidents due to heavy 
rainfall (due to wastewater bypassing treatment systems due to large volumes) (COWI, 2002). 

1156. In activated sludge treatment systems, or other systems with a high retention of particulate 
material, notable parts of the mercury in the waste water will follow the sludge (f. ex. roughly 50% in 
Denmark), meaning that mercury concentrations in the water outlets will be reduced as compared to 
inlet concentrations. In some countries the spreading of waste water sludge on farmland as fertiliser is 
preferred, and threshold limits on allowable mercury concentrations may be applied. Other sludge 
fractions (particularly those with concentrations of pollutants exceeding the thresholds) are deposited 
on landfills or incinerated (see section 5.8.4). Some waste water treatment facilities have their own 
sludge incineration plant, while other sludge incineration takes place in municipal waste incineration 
plants. 

1157. Releases of mercury with wastewater appear to be underestimated in many cases. A regional 
assessment for the Baltic Sea indicated f. ex. that only a minor fraction of the mercury inputs to this 
marine area came from atmospheric deposition (COWI, 2002). 

5.9.5.3 Discussion of mercury inputs 

Table 5-180 Overview of activity rate data and mercury input factor types needed to estimate releases 
from waste water system/treatment 

Activity rate data needed Mercury input factor 

Amounts of treated or conveyed waste water Average mercury concentrations  
in input waste water. 

 

1158. If comprehensive mercury release inventories are made (for example based on this Toolkit), 
this may form an approach to crosscheck quantification of mercury inputs to the waste water system, 
see f. ex. Skårup et al. (2003). 

Table 5-181 Averages and percentiles for mercury concentrations in inflows to and outflows from waste 
water treatment plants in Denmark in 2001   (Danish EPA, 2002, as cited by Skårup et al., 
2003) 

Inflow to waste water plant (µg Hg/l) Discharge from waste water plant (µg Hg/l) 
Average 5th percentile 95th percentile Average 5th percentile 95th percentile 

0.5 0.1 1.6 0.17 0.02 0.39 
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1159. Table 5-181 shows mercury concentrations in inflows to and outflows from municipal waste 
water treatment plants. In Denmark, most mercury release sources had been reduced very significantly 
by 2001; in around 1993, average concentrations in inflows to a few major waste water treatment 
plants were in the range of 1.1-3.4 µg mercury/l (Maag et al., 1996). Based on the numbers in table 5-
181 in combination with comprehensive data on mercury concentrations in municipal sewage sludge, 
it can be calculated that about 50-70% of the mercury inflow to municipal waste water treatment 
plants in Denmark in 2001 was withheld in the sludge (based on Skårup et al., 2003). Waste water 
treatment plant designs in Denmark favour long retention times and very efficient activated sludge 
production and retention (due to abatement of other pollutants), and mercury retention with sludge in 
Denmark should therefore likely be considered as in the high end in the global perspective. 

5.9.5.4 Examples of mercury in releases and wastes/residues 

Mercury in output water from waste water treatment plants 

1160. See data from Denmark above. 

Mercury in sewage sludge 

1161. The most recent data on the mercury content of sewage sludge in the USA obtained from the 
1988 National Sewage Sludge Survey showed a mean mercury concentration of 5.2 ppm (parts per 
million by weight = g mercury/metric ton). Earlier data obtained in the mid 1970's indicate that mer-
cury concentrations in municipal sewage sludge ranged from 0.1 - 89 ppm with a mean value of 7 ppm 
and a median value of 4 ppm. Other early data collected by US EPA from 42 municipal sewage treat-
ment plants in the early 1970's showed a range of 0.6 - 43 ppm, with a mean value of 4.9 ppm on a dry 
solids basis (US EPA, 1997a). 

1162. In Denmark in 1999, average mercury concentrations in sludge samples representing about 
95% of the total sewage sludge production in Denmark were 1.2 g mercury/metric ton of dry sludge 
(dry matter basis). Of this, about 41% was applied on agricultural or forest land, about 28% was incin-
erated and the remainder (about 31%) was landfilled or otherwise stored or treated. (Skårup et al., 
2003, based on Danish EPA, 2001). 

1163. In Finland, the average mercury concentration in sewage sludge is 0.5 g/metric ton (dry matter 
basis). 94% of the sludge was spread on land/used in soil works in parks, gardens and agricultural 
land, while 6% was landfilled (Finnish Environment Institute, 2004). 

1164. Lassen et al. (2004) present examples of reported mercury concentrations in municipal sewage 
sludge. In the major cities represented (Moscow, St. Petersburg), the concentrations are about 1-2 g 
mercury/metric ton (dry matter basis). In the smaller cities represented, concentrations vary more; 
most results are in the range of 0.1-1 g mercury/metric ton (dry matter basis), while 4 out of 14 smaller 
cities have results in the range of 2.4-10 g mercury/metric ton (dry matter basis). Only a fraction of the 
produced sewage sludge in Russia is used as fertiliser (probably below 15%). After long-time dewater-
ing and settling in sludge beds the majority is landfilled or dumped in quarries (Lassen et al., 2004). 

5.9.5.5 Input factors and output distribution factors 

a) Default mercury input factors 

1165. Currently, sufficient data to define default factors, which reflect actual conditions for waste 
water treatment plants, have not been collected. In many countries relevant specific data may, how-
ever, likely exist locally or nationally. With the aim of enabling the development of roughly indicative 
release estimates from this source, default input estimates were, however, developed based on the 
available data on mercury concentrations in sewage sludge and mercury retention efficiencies. These 
defaults might be used where no national or source specific data exist. 

1166. 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 
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base grows. 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. 

1167. 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 category (but not the absolute minimum), and the high 
end factor will likely result in a high end estimate. 

1168. The mercury levels in waste water are of course also directly dependent on the consumption of 
mercury-containing products and materials in the country investigated. The low end input factor is 
expected to be relevant for a situation where the economical activity is so low that the consumption of 
mercury with commodity products is low, and industrial use of mercury is negligible, or for countries 
where most of the mercury use has been substituted for by mercury-free products and processes. 

Table 5-182 Preliminary default input factors for mercury in wastewater system/treatment 

Material 
Default input factors; 
µg Hg/l waste water;  
(low end - high end) 

Municipal waste water 0.5 – 10 
 

b) Default mercury output distribution factors 

Table 5-183 Preliminary default mercury output distribution factors for wastewater system/treatment 

Default output distribution factors, share of Hg input 

Type of waste water treatment plant 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 
disposal*1 

No treatment; direct release from sew-
age pipe 

 1     

Mechanical treatment only  0.9   0.1  

Mechanical and biological (activated 
sludge) treatment; no land application 
of sludge 

 0.5   0.3 0.2 

Mechanical and biological (activated 
sludge) treatment; 40% of sludge used 
for land application 

 0.5 0.2  0.15 0.15 

Notes: *1 Sludge incineration. The shown distribution between general waste and incineration is arbitrary. Use 
estimates of actual distribution, if available. 

c) Links to other mercury sources estimation 

1169. For the waste treatment sub-categories it is very important to keep in mind that the mercury 
content in the waste originates from 1) intentionally used mercury in discarded products and process 
waste; 2) natural mercury impurities in high volume materials (plastics, paper, etc.) and minerals; and 
3) mercury as a human-generated trace pollutant in high volume materials. The mercury releases to the 
environment and waste deposits from these sub-categories should therefore be seen as a consequence 
of mercury being present in the products used in society. 
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1170. Similarly, the estimated mercury inputs to waste treatment sub-categories can be qualified 
through the quantification of mercury inputs to society with products and materials, as described in 
sections 5.4 - 5.6. Beware of double-counting of such mercury inputs when developing the mercury 
inventory. 

1171. Mercury in sludge led to sludge incineration may also be calculated in the section on sludge 
incineration. Beware of double counting. 

5.9.5.6 Source specific main data 

1172. The most important source specific data would in this case be: 

• Measurements of mercury concentrations in water in inlets and outlets of representative waste 
water treatment plants, and in sewage sludge produced; 

• Amount of waste water treated and amount of sewage sludge produced; and 

• Estimates of the actual distribution of produced sewage sludges on land, landfills and incinera-
tion. 
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5.10 Crematoria and cemeteries 

Table 5-184 Crematoria and cemeteries:  sub-categories with primary pathways of releases of mercury 
and recommended inventory approach 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

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. 

5.10.1 Crematoria 
5.10.1.1 Sub-category description 

1173. Cremation is a common practice in many societies to incinerate human corpses.  Mercury is 
released during such cremation. Most of the mercury released is due to the presence of dental amalgam 
fillings that contain mercury. However, smaller amounts of mercury present in body tissues, such as in 
blood and hair are also released during cremation.   

1174. The essential components for cremation are the charging of the coffin (and the corpse), the 
main combustion chamber and, where applicable, the afterburning chamber.  In some cases, a dust 
separator or more sophisticated gas treatment is present. Finally, gases leave through the stack.  Most 
furnaces are fired using oil or natural gas; some run on electricity. Crematoria are usually located 
within cities and close to residential areas and normally, stacks are relatively low (UNEP, 2003). 

1175. A large number of cremations occur throughout the world each year. For example, in 1995 in 
the USA, approximately 488,224 cremations were performed at the 1,155 crematories.  

5.10.1.2 Main factors determining mercury releases and mercury outputs 

Table 5-185 Main releases and receiving media from crematoria 

Phase of life cycle Air Water Land Prod-
ucts 

General 
waste 

Sector specific 
treatment/ 

disposal 

Crematoria 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. 

1176. Air is reported as the primary “receiving medium” of the mercury released by cremation (NJ 
MTF, 2002).  Since cremations involve high temperatures and since most crematories have limited 
emission controls that would reduce mercury releases, the vast majority of the mercury in a corpse that 
is cremated is expected to be released to the air through the stack. In some crematoria, however, that 
apply efficient emission controls, a significant part of the mercury may end up in fly ash and other 
residues. Besides, a small percent of mercury may collect on the brick material of the crematoria, and 
a very small percent may be found in the ash (based on study by Dr. T. Thomassen, as cited by Reindl, 
2003).  
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5.10.1.3 Discussion of mercury inputs 

Table 5-186 Overview of activity rate data and mercury input factor types needed to estimate releases 
from crematoria 

Activity rate data needed Mercury input factor 

Number of corpses cremated Average amount of mercury contained in each corpse 

 

1177. The amount of mercury in each corpse varies considerably and largely depends on the number 
of dental amalgam fillings, and to a lesser extent on the size of the fillings. In Denmark, the typical 
filling (as found in the mouth) contains from about 0.2 - 0.6 g of mercury; on average about 0.4g mer-
cury/filling. The average mercury content of fillings of corpses in Denmark in 2001 was estimated at 
4.1 g mercury per corpse (Skårup et al., 2003). The total mercury content of 41,000 cremated corpses 
in 2001 was 170 kg and it is in the report estimated that out of this amount nearly 100% was released 
to the atmosphere, as the crematoria are not equipped with emission controls.  

1178. Based on information in NJ MTF (2002), each corpse in New Jersey, USA, contains between 
0.8 and 5.6 grams of mercury, with a mean of 2.9 g per corpse due to the presence of fillings.  The 
amount of additional mercury in each corpse due to the presence of mercury in other body tissues 
(blood, hair, etc.), which is largely due to fish consumption and other exposures, has been estimated to 
be in range of 1 x 10-5 - 0.1 g mercury (Reindl, 2003).  

1179. In the Netherlands, research indicates that due to differences in the number of fillings in peo-
ple of different age groups, the average amount of fillings will increase from 3.2 to 5.1 during the pe-
riod 1995-2020 (OSPAR, 2002). This means that the emissions from cremations in the Netherlands 
will double between 2002 and 2020, unless abatement measures are introduced.  

1180. In a review of mercury emitted from cremations in the United Kingdom, it is estimated that 
amalgam fillings on average contain 0.6 g mercury, but alternative estimates mentioned in the review 
range from 0.36 - 1 g per filling (Passant, 2004). The author estimates that the mercury emission per 
cremation has steadily increased from 0.49 g/cremation in 1968 to 1.92 g/cremation in 2003, due to an 
increased number of amalgam fillings and a decreased number of toothless people (Passant, 2004). In 
1969, 73% of deceased people were toothless compared to only 44% in 2003. The tendency of in-
creased amounts of mercury per cremation is expected to continue and it is estimated that the total 
emissions from crematoria in the United Kingdom (unless better emission controls are implemented) 
will increase from 0.78 metric tons in 1999 to 1.3 metric tons in 2020 (DEFRA, 2004).  

5.10.1.4 Examples of mercury in releases and wastes/residues 

1181. The total 1995 mercury emissions from all cremations in the USA (total of about 488,224 
cremations) were estimated to be 0.73 metric tons (US EPA, 1997a).  However, these estimates were 
based on one set of data (reported in US EPA, 1997a) from tests conducted for a propane-fired incin-
erator at a crematorium in California (by the California Air Resources Board).  Results of this testing 
of mercury emissions from crematoria without emission controls ranged from 0.626 - 2.26 g mer-
cury/corpse cremated; the average mercury emission factor was 1.5 g/corpse cremated (US EPA, 
1997a). 

1182. According to an OSPAR survey of mercury emissions from crematoria in European countries, 
the reported emission per cremation ranged from 0.1 g (in Belgium) to 2.3 g per cremation (in France), 
see table 5-187.  Note the somewhat different figures for Denmark and the United Kingdom quoted in 
the previous section. 



Chapter 5.10 – Crematora and cemeteries 

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

246 

Table 5-187 Emission of mercury from crematoria in some European countries (based on OSPAR, 2002) 

Country 
Estimated Hg  

emission per year 
(kilos) 

Number of  
crematoria 

Number of  
cremations 

Average  
emission per 
cremation (g) 

Norway 70 42   
Sweden 122 71 65,002 1.9 
Germany 42-168 130 333,800 0.1 - 0.5 
Netherlands 80    
Belgium 3.7  35,793 0.1 
Iceland  1   
Ireland  2   
Switzerland 45 26 40,000 1.1 
France 200 80 87,000 2.3 
Portugal  4 2,311  

 

1183. In a review presented by Hylander and Meili (2005), mercury emissions to the air from crema-
tion are estimated to 0.28 metric tons per year in Sweden (Munthe et al., 2001) or 0.03 g per capita per 
year from a population of 8.5 million with 40–100 metric tons of mercury accumulated in dental fill-
ings and a cremation rate around 65% (Munthe et al., 2001; Rein and Hylander, 2000; SCB, 2002; all 
as cited by Hylander and Meili, 2005).  

5.10.1.5 Input factors and output distribution factors 

1184. 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.  

1185. 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 

1186. National data on grams of amalgam fillings per corpse cremated annually will lead to the best 
estimates of releases. 

1187. If no information is available on the number of amalgam fillings prepared annually, a first es-
timate can be formed by using the default input factors selected in table 5-188 below (based on the 
data sets presented in this section). Because concentrations vary so much, it is recommended to calcu-
late 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 abso-
lute minimum), and the high end factor will result in a high end estimate (but not the absolute maxi-
mum). 



Chapter 5.10 – Crematora and cemeteries 

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

247 

Table 5-188 Preliminary default input factors for mercury inputs to cremation 

 
Default input factors;  
g mercury per corpse; 
(low end - high end) 

Cremation 1 - 4 
 

b) Default mercury output distribution factors 

Table 5-189:  Preliminary default mercury output distribution factors for cremation 

Default output distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 

disposal 
Cremation 1      

 

c) Links to other mercury sources estimation 

1188. The mercury releases from cremation are closely linked to the usage of dental amalgam, and 
cremation is one of the output pathways from amalgam use, see section 5.6.1. 

5.10.1.6 Source specific main data 

1189. The most important source specific data would in this case be some (or all) of the following: 

• Data on average amount of mercury per corpse; 

• Data on the average number of mercury amalgam fillings in the human subpopulation that is ex-
pected to be cremated at the source; 

• Average amount of mercury per filling; 

• Number of human bodies cremated; and  

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

1190. See also advice on data gathering in section 4.4.5. 

5.10.2 Cemeteries 
5.10.2.1 Sub-category description 

1191. A cemetery is an area where human corpses are buried.  

1192. Mercury in the human body, primarily from dental amalgam fillings, will be released to the 
soil at the cemetery.  
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5.10.2.2 Main factors determining mercury releases and mercury outputs 

Table 5-190 Main releases and receiving media from cemeteries 

Phase of life cycle Air Water Land General 
waste 

Sector specific 
treatment/ 

disposal 

Burial   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. 

5.10.2.3 Discussion of mercury inputs 

Table 5-191 Overview of activity rate data and mercury input factor types needed to estimate releases 
from cemeteries 

Activity rate data needed Mercury input factor 

Number of corpses buried Average amount of mercury  
contained in each corpse 

 

1193. For data on mercury amounts per corpse, see section 5.10.1.3 above on cremation. 

5.10.2.4 Input factors and output distribution factors 

1194. 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.  

1195. 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 

1196. National data on grams of mercury (in amalgam fillings) per corpse buried will lead to the best 
estimates of releases. 

1197. If no information is available on the number of amalgam fillings prepared annually, a first es-
timate can be formed by using the default input factors selected in table 5-192 below (based on the 
data sets presented in the section on cremation). Because concentrations vary so much, it is recom-
mended 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). 

Table 5-192 Preliminary default input factors for mercury inputs to cemeteries 

 
Default input factors;  
g mercury per corpse; 
(low end - high end) 

Burial 1 – 4 
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b) Default mercury output distribution factors 

Table 5-193:  Preliminary default mercury output distribution factors for cemeteries 

Default output distribution factors, share of Hg input 

Phase in life-cycle 
Air Water Land Products General 

waste 

Sector specific 
treatment/ 

disposal 
Burial   1    

 

c) Links to other mercury sources estimation 

1198. The mercury releases from cremation are closely linked to the usage of dental amalgam, and 
cremation is one of the output pathways from amalgam use. See section 5.6.1. 

5.10.2.5 Source specific main data 

1199. The most important source specific data would in this case be some (or all) of the following: 

• Data on average amount of mercury per corpse; 

• Data on the average number of mercury amalgam fillings in the human subpopulation that are 
expected to be cremated at the source; 

• Average amount of mercury per filling; and 

• Number of human bodies buried.  

1200. See also advice on data gathering in section 4.4.5.
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5.11 Potential hotspots 

Table 5-194 Potential hot spots:  sub-categories with primary pathways of releases of mercury and rec-
ommended inventory approach 

Chapter Sub-category Air Water Land Product Waste/ 
residue 

Main in-
ventory 

approach 

 Closed/abandoned chlor-alkali pro-
duction sites x X X  X PS 

 

Other sites of former chemical pro-
duction where mercury compounds 
were produced (pesticides, biocides, 
pigments etc.), or mercury or com-
pounds were used as catalysts 
(VCM/PVC etc.) 

x X X x X PS 

 
Closed production sites for manufac-
turing of thermometers, switches, 
batteries and other products 

x X X X x PS 

 

Closed pulp and paper manufactur-
ing sites (with internal chlor-alkali 
production or former use of mer-
cury-based slimicides) 

x X X  X PS 

 Tailings/residue deposits from mer-
cury mining x X X X X PS 

 Tailings/residue deposits from ar-
tisanal and large scale gold mining x X X  X PS 

 
Tailings/residue deposits from other 
non-ferrous metal extraction 

x X X X X PS 

 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 pressure valves 

 X X   PS 

 
Sites of previous recycling of mer-
cury ("secondary" mercury produc-
tion) 

x 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. 

 



Chapter 6 - References 

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

251 

6 References 
1. ACAP (2005): Arctic Council Action Plan to Eliminate Pollution of the Arctic (ACAP) - Reduction of Atmospheric Mercury 

Releases from Arctic States, prepared for the Arctic Council by the Danish Environmental Protection Agency, 2005. 

2. Achtenbosch, M. and Richers, U. (2002): Material flows and investment costs of flue gas cleaning systems of municipal solid 
waste incinerators. Institut für Technikfolgenabschätzung und Systemanalyse, Forschungszentrum Karlsruhe, Germany. 
Available at: http://www.itas.fzk.de/deu/Itaslit/acri00a.pdf . 

3. Adebajo S.B. (2002): An epidemiological survey of the use of cosmetic skin lightening cosmetics among traders in Lagos, 
Nigeria. West African Journal of Medicine 21: 51-55. 

4. Adriano, D.C. (2001): Trace Elements in the Terrestrial Environment, Springer-Verlag, New York, NY, USA, 2001. 

5. AGHTM (2000): Mercury waste in France. AGHTM - General Association of Municipal Hygienists and technicians - Work-
ing Group Report. AGHTM, Paris. Available at: http://www.apesa.asso.fr/mercure_AGHTM_english.pdf.  

6. Agos, M., Etzel, R., Parrish, R., Paschal, D., Campagna, P., Cohen, D., Kilbourne, E. and Heese, J. (1990): Mercury exposure 
from interior latex paint, New England Journal of Medicine, 323, 1096-1101.  

7. Airey, D. (1982): Contributions from Coal and Industrial Materials to Mercury in Air, Rainwater and Snow, Sci. total. Envir. 
25, 1982, pages 19 to 40. 

8. Alcock, F. J. (1930): Zinc and lead deposits of Canada.  Can. Geol. Surv. Economic Geology Series, no. 8, 406 p.  

9. Alphen, M. van (1998): Paint film components. National Environmental Health Forum Monographs. General Series No. 2. 
National Environmental Health Forum, South Australia.  Available at: http://enhealth.nphp.gov.au/council/pubs/pdf/paint.pdf  

10. Amagerforbrænding (2000): Miljøredegørelse 2000. [Environmental statement 2000]. I/S Amagerforbrændingen, 
Copenhagen. (In Danish) 

11. Anderson, D. (1973): Emission Factors for Trace Substances. EPA-450/2-72-001. U. S. Environmental Protection Agency, 
Research Triangle Park, NC. EPA-450/3-84-004. Emission Standards and Engineering Division, Research Triangle Park, NC. 

12. Anscomb F. (2004): Personal communication. US EPA, August 2003 and March 2004. 

13. Arenholt-Bindslev D. and Larsen A.H. (1996): Mercury levels and discharge in waste water from dental clinics. Water, air and 
Soil Pollution. 86:93-99, 1996. As cited by Skårup et al., 2003). 

14. Arias, D., Boixereu, E., Zapardiel, J. M., Bernabé, M. and Sánchez, A. (1992): Estudio geoquímico de la esfalerita del yaci-
miento de Pd-Zn de Rubiales (Lugo, España).  Implicaciones genéticas:  Rev. Soc. Geol. España, v.5, p. 135-144.  

15. Armbrust, G. A. and Gannicott, R. A. (1980):  Rb/Ar ratios as a source indicator for hydrothermal fluids at the Seneca volca-
nogenic massive sulfide deposit, British Columbia.  Economic Geology, v. 75, p. 466-470. 

16. Barr (2001):  Substance Flow Analysis of Mercury in Products.  Prepared for Minnesota Pollution Control Agency.  August 
15, 2001.  Barr Engineering, Minneapolis, MN. 

17. Barr, L. (2004): International Mercury Market Study and the Role and Impact of US Environmental Policy. EPA Office of 
Solid Waste, November, 2004.  

18. Beaudoin, G. and Sangster, D. F. (1992):  A descriptive model for silver-lead-zinc veins in clastic metasedimentary terranes.  
Economic Geology, v.87, p. 1005-1021. 

19. Beckert, J., Einbrodt, H-J. and Fisher, M. (1990): Comparison of natural gypsum and FGD gyp-sum. Forschungsprojekt 88, 
VGB PowerTech e.V., Germany. 

20. Benner, B. R. (2001): Mercury removal from induration off gas by wet scrubbers. Coleraine Minerals Research Laboratory 
Draft Report. (quoted in Berndt, 2003) 

21. Berndt, M.E. (2003): Mercury and Mining in Minnesota. Minerals Coordinating Committee. Final Report. Minnesota Depart-
ment of Natural Resources, St. Paul, Minnesota. Available at: 
http://files.dnr.state.mn.us/lands_minerals/mercuryandmining.pdf . 

22. Bischoff, J. L., Rosenbauer, R. J., Aruscavage, P. J., Baedecker, P. A. and Crock, J. C. (1983):  Sea-floor massive sulfide de-
posits from 21° N, East Pacific Rise; Juan de Fuca Ridge; and Galapagos Rift:  Bulk chemical composition and economic im-
plications.  Economic Geology, v.78, p. 1711-1720. 

23. Bjørnstad. S.L. (1992): Assessment of possibilities for reducing the use of mercury - summary of experiences from the Nordic 
countries. Nordiske Seminar- og Arbejdsrapporter 1992:598. Nordic Council of Ministers, Copenhagen. 

24. Bloom, N. S. (2000): Analysis and Stability of Mercury Speciation in Petroleum Hydrocarbons, Fresenius’ J. Anal. Chem., 
366(5):438. 65.  



Chapter 6 - References 

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

252 

25. Bouley, B. A. and Hodder, R. W. (1984):  Strata-bound massive sulfide deposits in Silurian-Devonian volcanic rocks at Har-
borside, Maine.  Economic Geology, v.79, p. 1693-1702. 

26. Bowen, H.J.M. (1979): Environmental Chemistry of the Elements, Academic Press, London, UK, 1979. 

27. Bragg, L.J., Oman, J.K., Tewalt, S.J., Oman, C.L., Rega, N.H., Washington, P.M. and Finkelmann, R.B. (1998): The US Geo-
logical Survey Coal Quality (COALQUAL) Database - version 2.0. US Geological Survey Open-file report 97-134 (can be 
downloaded from http://energy.er.usgs.gov/products/openfile/OFR97-134/ ). As cited by USGS in fact sheet "Mercury in U.S. 
coal - abundance distribution and modes of occurrence", found October 2002 on http://pubs.usgs.gov/fs/fs095-01/fs095-01.pdf   

28. Breskovska, V. and Tarkian, M. (1993):  Mineralogy and fluid inclusion study of polymetallic veins in the Madjarovo ore 
field, eastern Rhodope, Bulgaria.  Mineral. Petrol., v.49, p. 103-118. 

29. Brooks, G. (1989): Estimating Air Toxic Emissions from Coal and Oil Combustion Sources. EPA-450/2-89-001. Prepared by 
Radian Corporation for U. S. Environmental Protection Agency, Research Triangle Park, NC. April 1989. 

30. Bugge, J. A. W. (1978):  Norway, in Bowie, S. H. U., Kvalheim, A., and Haslam, H. W., eds., Mineral deposits of Europe, vol. 
1:  Northwest Europe.  London, Inst. Min. Metallurg., p. 199-249. 

31. BUWAL (1997): Waste Disposal in Cement Plants, Environment-Materials Nr. 70, Bundesamt für Umwelt, Wald und Land-
schaft (BUWAL), 3003 Bern, Switzerland, 1997. 

32. Cao, J. R. (1992): Microwave Digestion of Crude Oils and Oil Products for the Determination of Trace Metals and Sulphur by 
Inductively-Coupled Plasma Atomic Emission Spectroscopy, Environment Canada Manuscript Report Number EE-140, Ot-
tawa, Ontario, Canada.  

33. Carpi, A. and Chen, Y.F. (2001): Gaseous Elemental Mercury as an Indoor Pollutant.  Environ. Sci. Technol. Vol 35:4170-4173. 

34. Cavanagh, J. and Glover, M. (1991): Mines and miners in Peru.  Lima, Peru Reporting Servicios Editoriales S.R.L., 371 p. 

35. Cembureau (1999): Best available techniques for the cement industry. European Cement Association, Brussels. Available at: 
http://www.cembureau.be/Documents/Publications/CEMBUREAU_BAT_Reference_Document_2000-03.pdf 

36. Cerny, I. (1989): Die karbonatgebundenen Blei-Zink-Lagerstätten des alpinen and ausseralpinen Mesozoikums - Die Bedeu-
tung ihrer Geologie, Stratigraphie und Faziesgebundenheit für Prospektion und Bewertung.  Vienna, Archiv für Lagerstätten-
forschung der Geologischen Bundesanstalt, v.11, p. 5-125. 

37. CSE (2002): “Environmental Rating of Indian Caustic-Chlorine Sector”. Centre for Science and Environment (CES), 2002, 
p.199 . 

38. Chu, P. and Porcella, D. B. (1994): “Mercury Stack Emissions From U. S. Electric Utility Power Plants”, Proceedings of the 
Third International Conference on Mercury as a Global Pollutant, Whistler, British Columbia, Canada, July 10-14, 1994.  

39. CIM (1957):  Structural geology of Canadian ore deposits.  Montreal, Canadian Institute of Mining and Metallurgy (CIM), 
CIM, 524 p. 

40. COWI (2002):  ACAP and Danish EPA Reduction of Atmospheric mercury emissions from Arctic countries – questionnaire 
on emissions and elated topics.  November 2002. 

41. Danish EPA (2000): Warning: Sale of mercury soaps is banned. Danish Environmental Protection Agency. Available at. 
http://www.mst.dk/news/02010000.htm   

42. Danish EPA (2001): Spildevandsslam fra kommunale og private renseanlæg i 1999 (Waste water sludge from municipal and 
private sewage treatment plants in 1999). Orientering fra Miljøstyrelsen nr, 3, 2001. Danish EPA, Copenhagen (in Danish). 

43. Danish EPA (2002): Punktkilder 2001. Orientering nr. 7, 2002 (Point Sources 2001, Review no. 7, 2002). Danish EPA, Co-
penhagen (in Danish). 

44. De la Rosa, D.A., Volke-Sepùlveda, T. and Solórzano, G. (2004): Release of total gaseous mercury from municipal solid 
waste disposal sites nearby Mexico City. In Mercury as a Global Pullotant, part 1, RMZ - Materials and Geoenvironment - pe-
riodical for mining, metallurgy and geology, Ljubliana, Slovenia, 2004. 

45. DEFRA (2004): Mercury emissions from crematoria. Second consultation. Department for Environment, Food and Rural Af-
fairs; Welsh Assembly Government; Scottish Executive Environment and Rural Affairs Dept. Available at: 
http://www.defra.gov.uk/corporate/consult/crematoria-two/consultation.pdf  

46. Del Guidice, P and Yves, P. (2002): The widespread use of skin lightening creams in Senegal: a persistent public health prob-
lem in West Africa. The International Journal of Dermatology 41: 69-72. 

47. deLoraine, W. F. and Dill, D. B. (1982):  Structure, stratigraphic controls, and genesis of the Balmat zinc deposits, northwest 
Adirondacks, New York.  Geol. Assoc. Can. Spec. Pap. 25, p. 571-596. 

48. DiFrancesco, D.T. and Shinn, R.C. (2002): Sources of mercury in New Jersey. New Jersey Mercury Task Force Report Vol-
ume III. New Jersey Department of Environmental Protection, Trenton. 
Available at: http://www.state.nj.us/dep/dsr/Vol3-chapter1.pdf  

49. Douglas, R. J. W.  ed. (1970):  Geology and economic minerals of Canada.  Can. Geol. Surv. Economic Geology Report 1, 838 p. 



Chapter 6 - References 

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

253 

50. DPHE (2003): Mercury-free Colorado Campaign. Thermostat Recycling Program. Department of Public Health and Environ-
ment, Denver. Available at: http://www.cdphe.state.co.us/hm/mercury/therm.asp 

51. Dunmire C., Calwell C., Andria J., A., Ton M., Reeder, T., and Fulbright V. (2003): Mercury in Fluorescent Lamps: Environ-
mental Consequences and Policy Implications for NRDC. Natural Resources Defense Council (NRDC), New York.  
Available at: http://www.nwalliance.org/resources/reports/NRDCMercury.pdf  

52. Duo, W., Guthrie, T. and W. Edwards (2000): Mercury Emissions from The Petroleum Refining Sector In Canada, for Envi-
ronment Canada, Trans-boundary Air Issues Branch, Hazardous Air Pollutants Program, Ottawa, Canada, EC Contract: 
K2216-9- 0078.   

53. Dvornikov, A. G. (1962):  Mercury dispersion aureoles in limestone at the Gruzskaya Ravine polymetallic deposit (Nagol'nyi 
Range).  Geochemistry, 1962, p. 539-546. 

54. EMEP/ CORINAIR (2001): EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition, 2001, Technical report No 30. 
Available at http://reports.eea.eu.int/technical_report_2001_3/en#TOC.   
Also note EMEP/ CORINAIR (2002):  EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition October 2002 
UPDATE, Technical report No 30, EEA - European Environment Agency, Copenhagen, and 
EMEP (1999): Emission Inventory Guidebook.  September 1999. 

55. Environment Canada (1999): Meeting the Challanges of Continental Pollutant Pathways.  Mercury Case Study.  February 
1999, available at: http://www.eman-rese.ca/eman/reports   

56. Environment Canada (2000): The status of mercury in Canada. Report #2. A Background Report to the Commission for Envi-
ronmental Cooperation North American Task Force on Mercury. Environment Canada, Transboundary Air Issues Branch. 
Available at: http://www.cec.org/files/PDF/POLLUTANTS/Hgcan-e3.pdf.  

57. Environment Canada (2002): Environment Canada, Minerals and Metals Division, National Office of Pollution Prevention: 
Multi-pollutant emission reduction analysis foundation (MERAF) for the base metal smelter sector. Prepared for Environment 
Canada and The Canadian Council of Ministers of Environment (CCME), Canada. Available at 
http://www.ccme.ca/assets/pdf/bms_final_meraf_e.pdf  (accessed October 2003).  

58. Environment Canada (2003a): Fact Sheet #21 (Revised) Mercury-Containing Products.  Available at: 
http://www.on.ec.gc.ca/epb/fpd/fsheets/4021-e.html   

59. Environment Canada (2003b): What Is Mercury? Environment Canada, Ontario Region. Available at: 
http://www.on.ec.gc.ca/pollution/fpd/merc/merc-1000-e.html  (13 Nov 2003).  

60. Environment Canada (2004): Personal communication. Air Pollution Prevention Directorate, Environment Canada, June 2004.  

61. EuroChlor (1998):  Mercury process for making chlorine.  August 1998.  

62. European Commission (2001): Integrated pollution prevention and control (IPPC) - Reference document on best available 
techniques in the non ferrous metals industry. Available at: http://eippcb.jrc.es/pages/Fmembers.htm  (accessed October 2003).  

63. European Commission (2001b): Integrated pollution prevention and control (IPPC) - Reference document on best available 
techniques in the chlor-Alkali Manufacturing industry. Available at: http://eippcb.jrc.es/pages/Fmembers.htm  (accessed Octo-
ber 2005).  

64. European Commission (2003): Draft reference document on best available techniques for management of tailings and waste 
rock in mining operations. Joint Research Centre, Seville, Spain. Available at: http://eippcb.jrc.es/pages/Fmembers.htm  (ac-
cessed October 2003).   

65. European Commission (2005): Communication from the commission to the Council and the European Parliament -
Community Strategy Concerning Mercury- {SEC(2005) 101}. Available at: 
http://europa.eu.int/comm/environment/chemicals/mercury/  

66. Evans, D. W., DiGiulio, R.T and Ryan, E.A. (1984): “Mercury in Peat and its Drainage Waters in eatern North Carolina”.  The 
Water Resources Research Institute. Report No. 218. September 1984. 

67. Feng, X., Li, G. and Qiu, G. (2004): Mercury contamination from artisanal zinc smelting using indigenous methods in Hez-
hang, Guizhou, PR China. In Mercury as a Global Pullotant, part 1, RMZ - Materials and Geoenvironment - periodical for 
mining, metallurgy and geology, Ljubliana, Slovenia, 2004. 

68. Filby, R. H, and Shah, K. R. (1975): Neutron Activation Methods for Trace Metals in Crude Oil, in The Role of Trace Metals 
in Petroleum, by T. F.Yen, Ann Arbor Science Publishers, Ann Arbor, MI.  

69. Finkelman, B. (2003): Personal communication. United States Geological Survey (USGS), USA. 

70. Finkelman, B. (2004): Personal communication. United States Geological Survey (USGS), USA. March 2004. 

71. Finnish Environment Institute (1999): Atmospheric emissions of heavy metals in Finland in the 1990's. The Finnish Environ-
ment No. 329, Finnish Environment Institute, Helsinki (in Finnish).   

72. Finnish Environment Institute (2003): Response to ACAP questionnaire on mercury releases, uses and wastes. Appendix to 
Maag (2004). 



Chapter 6 - References 

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

254 

73. Fontboté, L. and Gorzawski, H. (1990): Genesis of Mississippi Valley-type Zn-Pb deposit of San Vicente, central Peru: Geo-
logic and isotopic (Sr, O, C, S, Ph) evidence.  Economic Geology, v.85, p. 1402-1437. 

74. Franklin Associates, Ltd. (1989): Characterization of Products Containing Mercury in Municipal Solid Waste in the United 
States, 1970 to 2000. EPA-530/SW-89-015A. U. S. Environmental Protection Agency, Washington, D.C. January 1989. 

75. Franklin, J. M. and Mitchell, R. H. (1977):  Lead-zinc-barite veins of the Dorion area, Thunder Bay district, Ontario.  Can. 
Jour. Earth Sci., v.14, p. 1963-1979. 

76. Franklin, J. M., Lydon, J. W., and Sangster, D. F. (1981):  Volcanic-associated massive sulfide deposits.  Economic Geology 
75th Anniv. Vol., p. 485-627. 

77. Friedli, H.R., Radke, L.F. and Lu, J.Y. (2001): Mercury in Smoke from Biomass Fires. Geophysical Research Letter, 28: 
3223-3226. Available at: http://www.mindfully.org/Air/Mercury-Smoke-Biomass.htm  

78. Fruth, I. and Maucher, A. (1966):  Spurenelemente and Schwefel-Isotope in Zinkblenden der Blei-Zink-Lagerstätte von 
Gorno.  Mineral. Deposita, v.1, p. 238-250. 

79. Fryklund, V. C., Jr. and Fletcher, J. D. (1956):  Geochemistry of sphalerite from the Star mine, Coeur d'Alene district, Idaho.  
Economic Geology, v.51, p. 223-247. 

80. Fugleberg, S. (1999): Finnish expert report on best available techniques in zinc production. The Finnish Environment series 
315, Finnish Environment Institute, Helsinki. Available at http://www.vyh.fi/eng/orginfo/publica/electro/fe315/fe315.htm  

81. Fujinuki, T. (1979): Trace Components of Carbonate Rocks, Kozan Chishitsu, Japan, 23, pages 295 to 306, 1979. 

82. Fukuzaki, N., Tamura, R., Hirano, Y. and Mizushima, Y. (1986): Mercury Emission from a Cement Plant and its Influence on 
the Environment, Atmospheric Environment, Vol., 20, No. 12, 1986, pages 2291 to 2299. 

83. Fursov, V. Z. (1958):  Halos of dispersed mercury as prospecting guides at the Achisai lead-zinc deposits.  Geochemistry 
(1958), p. 338-344. 

84. Fursov, V.Z. (1983): Gas-and-Mercury Method for Mineral Products. Moscow, “Nauka” Publishers, 1983. – 205 p. As cited 
by Lassen et al. (2004).  

85. Galligan, C., Morose, G. and Giordani, J. (2003):  An Investigation of Alternatives to Mercury Containing Products. Prepared 
for The Maine Department of Environmental Protection, January 22, 2003. Available at: 
http://www.state.me.us/dep/mercury/lcspfinal.pdf  

86. Glahder, C.M., Appel, P.W.U. and Asmund, G. (1999): Mercury in soap in Tanzania. NERI Technical Report No. 306, 23pp. 
National Environmental Research Institute, Denmark. 

87. Griffith, C., Gearhart, J., Posset, H., McPherson, A., Gingras, S., Davis, G., Dhinga, R, and Kincaid, L. (2001): Toxics in ve-
hicles: Mercury. Ecology Center, Great Lakes United and University of Tennessee Center for Cean Products and Clean tech-
nologies, Knoxville. Available at: http://www.cleancarcampaign.org/pdfs/execsumm.pdf  

88. Hansen, C. L. and Hansen, E. (2003): Collection systems for batteries - existing experiences from Denmark and abroad. Envi-
ronmental project no. 777, 2003, Danish Environmental Protection Agency (in Danish with summary in English). Available at 
www.mst.dk; publications. 

89. Hansen, E. (1985): Forbrug og forurening med kviksølv i Danmark [Consumption of and pollution with mercury in Denmark]. 
Danish Environmental protection Agency, Copenhagen. (In Danish) 

90. Harada, M., Nakachi, S., Tasaka, K., Sakashita, S., Muta, K., Yanagida, K., Doi, R. and Kizaki, T. (2001): Wide use of skin-
lightening soap may cause mercury poisoning in Kenya. . Sci Total Environ: 26:183-187.  

91. Heier, A. (1990): Use of mercury compounds in indoor latex paint to be eliminated. US EPA Environmental News, JUNE 29, 
1990. At: http://www.paint.org/protocol/app-d.cfm   

92. Hilmer, E. (1972):  Geochemische Untersuchungen im Bereich der Lagerstätte Meggen, Rheinisches Schiefergebirge.  Un-
publ. doctoral thesis, University of Aachen, Germany, 162 p. 

93. Hitchon, B. and Filby, R. (1983): Geochemical Studies – Trace Elements in Alberta Crude Oils, Open File Report 1983-02, 
Alberta Research Council for Alberta Energy and Utilities Board and Alberta Geological Survey.  

94. Hoagland, A. D. (1971): Appalachian strata-bound deposits:  Their essential features, genesis and the exploration problem.  
Economic Geology, v.66, p. 805-810. 

95. HTC (2000): Hibbing Taconite Company. Voluntary mercury reduction agreement. 

96. Huber, K. (1997): Wisconsin Mercury SourceBook. Wisconsin Department of Natural Resources, Madison, May 1997. Avail-
able at: http://www.epa.gov/glnpo/bnsdocs/hgsbook/  

97. Husar, J.D. and Husar, R. (2001): Trends of mercury flows in Florida. Progress Report. Lantern Corporation. At: 
http://capita.wustl.edu/Capita/CapitaReports/Mercury/MercFlorida011112.doc  

98. Hylander, L. D. and Meili, M. (2005): The rise and fall of mercury: converting a resource to refuse after 500 years of mining 
and pollution. Crit. Rev. Environ. Sci. Technol. 34:1-36. 



Chapter 6 - References 

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

255 

99. Hylander, L.D. and Meili, M. (2002): 500 years of mercury production: global annual inventory by region until 2000 and as-
sociated emissions.  In print, Science of the Total Environment. 

100. Ingham, A. I. (1940): The zinc and lead deposits of Shawangunk Mountain, New York.  Economic Geology, v.35, p. 751-760. 

101. Isokangas, P. (1978): Finland, in Bowie, S. H. U., Kvalheim, A., and Haslam, H. W., eds., Mineral deposits of Europe, vol. 1:  
Northwest Europe.  London, Inst. Min. Metallurg., p. 39-92. 

102. Jankovic, S. (1982): Yugoslavia, in Dunning, F. W., Mykura, W., and Slater, D., eds., Mineral deposits of Europe, vol. 2:  
Southeast Europe.  London, Inst. Min. Metallurg., p. 143-202. 

103. Jewell, W. B. (1947):  Barite, fluorite, galena, and sphalerite veins of middle Tennessee.  Tenn. Div. Geol. Bull. 51, 114 p. 

104. Johansen, V.C. and Hawkins, G.J. (2003): Mercury speciation in cement kilns: A literature review. R&D Serial No. 2567, 
Portland Cement Association, Skokie, IL, USA. Available at: http://www.cement.org/pdf_files/SN2567.pdf  

105. Jolly, J. L., and Heyl, A. V. (1964):  Mineral paragenesis and zoning in the central Kentucky mineral district.  Economic Geol-
ogy, v.59, p. 596-624. 

106. Jolly, J. L., and Heyl, A. V. (1968): Mercury and other trace elements in sphalerite and wallrocks from central Kentucky, Ten-
nessee and Appalachian zinc districts: U.S. Geol. Surv. Bulletin 1252-F, 29 p. 

107. Jonasson, I. R. and Sangster, D. F. (1975):  Variations in the mercury content of sphalerite from some Canadian sulphide de-
posits.  Assoc. Expl. Geochem., Spec. Publ. No. 2, p. 313-332. 

108. Jones, D. K. (1988):  A geochemical study of a breccia body in the central Tennessee zinc district.  Jour. Geochem. Explorat., 
v.30, p. 197-207. 

109. Kakareka, S., Khomich, V., Kukharchyk, T. and Loginov, V. (1998): Heavy metals emission factors assessment for the CIS 
countries. Institute for Problems of Natural Resources Use and Ecology, Minsk. 

110. Kanare, H. (1999): Comparison of Trace Metal Concentrations in Cement Kiln Dust, Agricultural Limestone, Sewage Sludge, 
and Soil, SN2080, Portland Cement Association, Skokie, IL, USA, 1999. 

111. Kemi (1998): Kvicksilveravvecklinggen i Sverige (mercury phase-out in Sweden). Kemikalieinspektionen 5/98. Solna, Swe-
den. 

112. Kemi (2004): Mercury-investigation of a general ban. Report No. 4/04 by the Swedish Chemicals Inspectorate in response to a 
commission from the Swedish Government, Sweden. Available at: 
http://www.kemi.se/upload/Trycksaker/Pdf/Rapporter/Rapport4_04.pdf 

113. Kesler, S.E., Russell, N. and McCurdy, K. (2003): In press: Trace metal content of the Pueblo Viejo precious metal deposits 
and their relation to other high-sulfidation epithermal systems. Mineral.Deposita 38, as cited by Seal and Hammarström 
(2003).  

114. Kim K.H. and Kim M.Y. (2002): Mercury emissions as landfill gas from a large-scale abandoned landfill site in Seoul. Atmos. 
Environ. 36, 4919-4928. 

115. Kindbom, K and Munthe, J. (1998): Hur påverkas kvicksilver i miljön av olika energialternativ? [How is mercury in the envi-
ronment influenced by different energy alternatives]. IVL Svenska Miljöinstitutttet. (In Swedish) 

116. Kinsey et al. (2004): Characterization of Fugitive Mercury Emissions from the Cell Building at a US Chlor-alkali Plant. At-
mospheric Environment 38: 623-631. 

117. Kinsey et al (2004): Characterization of the Fugitive Mercury Emissions at a Chlor-alkali Plant: Overall Study Design. At-
mospheric Environment 38: 633-641. 

118. Kirchartz, B. (1994): Reaction and Removal of Trace Element in Burning of Cement Clinker, (Reaktion und Abscheidung von 
Spurenelementen beim Brennen des Zementklinkers), Schriftenreihe der Zementindustrie; Heft 56, Duesseldorf Beton-Verlag, 
Germany, 1994. 

119. Kissin, S. A. and Sherlock, R. L. (1989):  Grant 300-the genesis of silver vein deposits in the Thunder Bay area, northwestern 
Ontario.  Ontario Geol. Surv. Misc. Pap. 143, p. 33-41. 

120. Kitamura, M., Kondo, M., Tagizawa, Y., Fujii, M. and Fujiki, M. (1976): Mercury, Kondansha, Tokyo, Japan, 1976. 

121. Kleinevoss, A. (1971):  Zur geochemischen Charakteristik des Quecksilbers unter besonderer Berücksichtigung der Hg-
Verteilung in den Erzlagern des Rammelberges und ihrer Umgebung.  Unpubl. doctoral thesis, University of Clausthal Ger-
many, 190 p. 

122. Klemm, W.A. (1993): “Cement Kiln Dust – A Look at Its Uses and Characteristics,” Proceedings 29th International Cement 
Seminar, Rock Products, 1993. 

123. Kotnik J., Dizdarevic T. and Horvat M. (2004): Current and past mercury distribution in air over Idrija region. In Mercury as a 
Global Pullotant, part 1, RMZ - Materials and Geoenvironment - periodical for mining, metallurgy and geology, Ljubliana, 
Slovenia, 2004. 

124. Kovrigo, 0. A., Mosolkov, V. T. and Shilov, L. I. (1976):  Peculiarities of the mercury distribution in the Rid-der-Sokol'noe 
deposit (Rudnyi Altai).  Soviet Geol. Geophys., v.17, no. 9, p. 55-60. 



Chapter 6 - References 

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

256 

125. Krahn, L., Friedrich, G., Gussone, R. and Scheps, V. (1986):  Zur Blei-Zink-Vererzung in Carbonatgesteinen des Aachen-
Stolberger Raums.  Fortschr. Geol. Rheinland und Westfalen, v.34, p. 133-157. 

126. Kraume, E. (1955):  Die Erzlager des Rammelsberges bei Goslar.  Beihefte zum Geologischen Jahrbuch, v.18, 394 p. 

127. Krivtsov, A.I. and Klimenko, N. G. (1997): Mineral Raw Materials. Copper. Reference Book. Moscow: Geoinformmark Pub-
lishers, 1997. – 51 p. As cited in Lassen et al. (2004).  

128. Kulms, M. (1970):  Die Verteilung der Elemente Pb, Zn, Cd, Hg, Cu, Co, Ni, Mn und Fe in den Böden der Lagerstättengebiete 
Maubach und Bleialf sowie in den den Flusswässern und Flusssedimenten des Triasdreiecks von Maubach-Mechernich-Kall, 
Eifel-Ein Beitrag zur geochemischen Erzlagerstättenprospektion.  Unpubl. doctoral thesis, University of Aachen, Germany, 
195 p. 

129. Kutliakhmetov, A.N. (2002): Mercury contamination of landscapes by mining enterprises of Bashkirian East-of-Ural Region 
(in Russian). Autoref. thesis of Cand. Geogr. Sc. - Yekaterinburg. As cited in Lassen et al. (2004). 

130. Kyle, J. R. (1976):  Brecciation, alteration, and mineralization in the central Tennessee zinc district.  Economic Geology, v.71, 
p. 892-903. 

131. Lassen, C. (Ed.), Treger, Y.A., Yanin, E.P., Revich, B.A., Shenfeld, B.E., Dutchak, S.V., Ozorova, N.A., Laperdina, T.G. and 
Kubasov, V.L. (2004): Assessment of mercury releases from the Russian Federation. Ministry of Natural Resources of the 
Russian Federation, Danish Environment Protection agency, Arctic Council. Draft, 2004.  

132. Laznicka, P. (1981):  Data on the worldwide distribution of stratiform and stratabound ore deposits, in Wolf, K. H., ed., Hand-
book of strata-bound and stratiform ore deposits, v.10.  Amsterdam, Elsevier, p. 79-389. 

133. Levin, L. (1997):  Review comments from Dr. L. Levin, Electric Power Research Institute (EPRI), Palo Alto, CA, to D. 
Beauregard, U. S. Environmental Protection Agency, Research Triangle Park, NC, June 20, 1997.  

134. Liang, L., Horvat, M. and P. Danilchik (1996): A Novel Analytical Method for Determination of Picogram Levels of Total 
Mercury in Gasoline and Other Petroleum Based Products, Sci. Tot. Environ., 187:57.  

135. Liang, L., Lazoff, S., Horvat, M., Swain, E. and Gilkeson, J. (2000): Determination of mercury in crude oil by in-situ thermal 
decomposition using a simple lab built system. Fresenius' J. Anal. Chem., 367:8. 

136. Lindberg S.E., Walschläger D., Prestbo E.M., Bloom N.S., Price J. and Reinhart D. (2001): Methylated mercury species in 
municipal waste landfill gas sampled in Florida, USA. Atmos. Environ. 35, 4011-4015. 

137. Lindberg, S.E., (2004): Personal communication. Environmental Sciences Division, Oak Ridge National Laboratory, Oak 
Ridge, TN, USA. 

138. Lindberg, S.E., Southworth, G., Prestbo, E.M., Wallschläger, D., Bogle, M.A., Price, J. (2004): Gaseous methyl- and inorganic 
mercury in landfill gas from landfills in Florida, Minnesota, Delaware, and California. Atmospheric Environment 39 (2005) 
249–258. 

139. Lowell Center for Sustainable Production (2003). A Review of Thersmostat Energy Efficiency and Pricing, Lowell Center for 
Sustainable Production, May 2003. Available at: http://www.sustainableproduction.org/. 

140. Luttrell, C. W. (1966):  Base- and precious-metal and related ore deposits of Virginia.  Virginia Div. Min. Resources, Min. 
Resources Report 7, 167 p. 

141. Maag, J., Lassen, C. and Hansen, E. (1996): Massestrømsanalyse for kviksølv (substance flow assessment for mercury). Mil-
jøproject no. 344, 1996, Danish Environmental Protection Agency, Copenhagen (in Danish with summary in English). Avail-
able at www.mst.dk; publikationer. 

142. Maag, J., Hanse, E. and Dall, O. (2001):  Mercury - a global pollutant requiring global initiatives. TemaNord 2002:516, Nor-
dic Council of Ministers, Copenhagen. Available at www.norden.org. 

143. Maag, J. (2004): Arctic mercury releases inventory. Appendix on Mercury releases from Finland. COWI for the Arctic Coun-
cil and the Danish Environment Protection Agency, Copenhagen. Draft report of 2004.  

144. Magaw, R., McMillen, S., Gala, W., Trefry, J., and Trocine, R. (1999): Risk evaluation of metals in crude oils, Proceedings 
SPE/EPA Exploration and Production Environmental Conference, SPE Paper No. 52725.  

145. Mahe, A., Blanc, L., Halna, J.M., Keita, S., Sanogo, T. and Bobin, P. (1993): An epidemiologic survey on the cosmetic use of 
bleaching agents by the women of Bamako (Mali). Ann. Dermatol. Vernereol 120: 870-873. (In French) 

146. Maher, S. W. and Fagan, J. M. (1970):  Trace element content of some ore deposits in the southeastern states.  Tenn. Div. 
Geol. Inform. Circular 16, 1 p. 

147. Maine Board of Environmental Protection (2004). Upheld on appeal by the Maine Board of Environmental Protection, Deci-
sion dated May 6, 2004. Available at: http://www.maine.gov/dep/index.shtml 

148. Maine Department of Environmental Protection (2003). Denial of NEMA Exemption Request, Maine DEP Order dated Au-
gust 13, 2003. Available at: http://www.maine.gov/dep/index.shtml 

149. Marcoux, E., Moëlo Y. and Leistel, J. M. (1996):  Bismuth and cobalt minerals as indicators of stringer zones to massive sul-
fide deposits, Iberian pyrite belt.  Mineral. Deposita, v.31, p. 1-26. 



Chapter 6 - References 

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

257 

150. Markmann P. N., Jensen, P. and Abildgård, J. (2001): Old heating plants still cause mercury pollution. NyViden from the 
Danish EPA. Available at: http://www.mst.dk/project/NyViden/2001/11230000.htm   

151. Maxson, P. (2004): Mercury flows in Europe and the world: The impact of decommissioned chlor-alkali plants. European 
Commission, Brussels. Available at: europa.eu.int/comm/environment/ chemicals/mercury/pdf/report.pdf. 

152. Maxson, P.A. and Vonkeman, G.H. (1996): Mercury stock management in the Netherlands. Background document prepared 
for workshop "Mercury: Ban it or bridle it?" Held 21. November 1996, The Hague, Netherlands, Institute for European Envi-
ronmental Policy, Brussels, Belgium, 48 p. 

153. MMMW (1990): Mercury exposure from interior latex paint -- Michigan. Morbidity and Mortality Weekly report March 1990. 
Available at: http://www.cdc.gov/mmwr/preview/mmwrhtml/00001566.htm  

154. Morris, R. (2000): New TRI Reporting Rules on Mercury, Proceedings National Petroleum Refiners Association Meeting, San 
Antonio, TX, (September).  

155. MRC (1997):  Mercury Refining Company. Excerpts from emission source test reports conducted by General Testing Corpo-
ration in September 1994 and Galson Corporation in June 1995, Submitted to Midwest Research Institute, Cary, NC, Septem-
ber 3, 1997.  

156. MTAP (2003): When the cows come home. Minnesota Technical Assistance Program. Available at: 
http://www.mntap.umn.edu/source/16-3/Cows.htm   

157. Munthe, J., Kindbom, K., Kruger, O., Petersen, G., Pacyna, J., and Iverfeldt, A. (2001): Examining source-receptor relation-
ships for mercury in Scandinavia. Modelled and empirical evidence, Water Air Soil Pollut. Focus 1, 279, 2001. 

158. Musa, M., Markus, W., Elghondi, A., Etwir, R., Hannan, A. and Arafa, E. (1995): Neutron Activation Analysis of Major and 
Trace Elements in Crude Petroleum, J. Radioanal. Nucl. Chem., 198(1):17.  

159. Mustafin, S.K., Minigazimov, N.S. and Zainulin, H.N. (1998): Problems of mercury-related safety of Southern Ural. Envi-
ronmental problems of industrial areas of Ural V.1, Magnitogorsk: MGMA, 1998, pp. 148-154. As cited in Lassen et al. 
(2004).  

160. NCASI (1995): National Council of the Paper Industry for Air and Stream Improvement, Inc. (NCASI), 1995. Compilation of 
Air Toxic and Total Hydrocarbon Emissions Data For Sources at Chemical Wood Pulp Mills. NCASI Technical Bulletin No. 
701. October 1995. 

161. NEMA (1996): National Electrial Manufacturers Association (NEMA), 1996.  Fluorescent Lamps and the Environment.  
Rosslyn, VA, July 1996.  Available at http://www.nema.org/lamprecycle/nemafluorfinal.pdf. 

162. NEMA (2000): Environmental Impact Analysis: Spent Mercury-Containing Lamps, report by the (US) National Electrical 
Manufacturers Association dated January 2000 and available from www.nema.org/papers/enviimpact.doc. 

163. NESCAUM (1998): The Northeast States and Eastern Canadian Provinces Mercury Study, February 1998.  Available on 
internet at:  http://www.cciw.ca/ca/eman-temp/reports/publications/mercury/ 

164. NEWMOA (2001): Interstate Mercury Education & Reduction Clearinghouse (IMERC) Mercury-Added Products Database. 
Available at: http://www.newmoa.org/Newmoa/htdocs/prevention/mercury/imerc/notification/  

165. NIH (2004): Mercury free NIH Campaign. Reagents with mercury. National Institutes of Health. Available at: 
http://www.nih.gov/od/ors/ds/nomercury/index.htm  

166. Nriagu, J.O. and Pacyna, J.M. (1988): quantitative assessment of worldwide contamination of air, water and soil by trace met-
als. Nature 333, pp- 134-139. As cited by Feng et al. (2004). 

167. Nishiyama, T. (1974):  Minor elements in some sulfide minerals from the Kuroko deposits of the Shakanai mine.  Min. Geol. 
Spec. Iss., no. 6, p. 371-376. 

168. NJ MTF (2002): New Jersey Mercury Task Force Report.  Volume III.  Sources of Mercury in New Jersey.  January 2002.  
Available at website:  http://www.state.nj.us/dep/dsr/Vol3-chapter1.pdf. 

169. NPI (1999a): Emission Estimation Technique Manual for Alumina Refining, Environment Australia, 1999. Accessed at 
www.npi.gov.au, October 2004. 

170. NPI (1999b): National Pollution Inventory (NPI), Emission Estimation Technique Manual for Aluminium Smelting, Environ-
ment Australia, 1999b. Accessed at www.npi.gov.au, October 2004. 

171. NPI (2004): National Pollution Inventory (NPI), Data extracted from the NPI database. Accessed October 2004 at 
www.npi.gov.au). 

172. Oftedal, I. (1941):  Untersuchungen über die Nebenbestandteile von Erzmineralien Norwegischer zinkblendeführender 
Vorkommen.  Skrifter utgit av Det Norske Videnskaps-Akademi i Oslo, I. Mat. Naturv. Klasse, 1940 no. 8, 103 p. 

173. OilTracers (1999-2004): Using gas geochemistry to assess mercury risk. Available at: http://www.gaschem.com/mercur.html   

174. Olsen, S., Westerlund, S. and Visser, R. (1997): Analysis of Metals in Condensates and Naphthas by ICP-MS, Analyst, 
122:1229.  



Chapter 6 - References 

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

258 

175. OSPAR (2002): Mercury emissions from crematoria and their control in the OSPAR Convention Area. OSPAR Commission, 
Paris. Available at: 
http://www.ospar.org/documents/dbase/publications/p00179_Mercury%20emissions%20from%20crematoria.pdf  

176. Ozerova, N. A. (1959):  The use of primary dispersion halos of mercury in the search for lead-zinc deposits. Geochemistry, p. 
793-802. 

177. Ozerova, N. A. (1983):  Mercury content of hydrothermal ore deposits.  Doklady Earth Sci. Sect., v.261, p. 203-205. 

178. Ozerova, N. A. (1986):  Mercury and endogenetic ore formation.  Moscow, Akad. Nauk SSSR, Ordena Trudovogo Krasnogo 
Znameni, Inst. Geol. Rudnykh Mestorozhdeniy, Petrog., Mineral., Geochim., 231 p. (in Russian). 

179. Ozerova, N. A., Rusinov, V. L. and Ozerov, Y. K. (1975):  The mercury in sulfide deposits emplaced in volcanic suites.  Min-
eral. Deposita, v. 10, p. 228-233. 

180. Pacyna, J.M. and Pacyna, E.G. (2000): Assessment of emissions/discharges of mercury reaching the Arctic environment. The 
Norwegian Institute for Air Research, NILU Report OR 7/2000, Kjeller, Norway.  

181. Passant, N.R. (2004): Review of emission factors for mercury emitted from cremation. AEA Technology for 
DEFRA/WEG/SE, UK. Available at: http://www.defra.gov.uk/corporate/consult/crematoria-two/consultation.pdf  

182. PRF (1996): Mercury in buildings. Purdue Research Foundation, West Lafayette. Available at: 
http://pasture.ecn.purdue.edu/~mercury/src-01-02/toc.htm. 

183. Pirrone, N., Munthe, J., Barregård, L., Ehrlich, H.C., Petersen, G., Fernandez, R., Hansen, J.C., Grandjean, P., Horvat, M., 
Steinnes, E., Ahrens, R., Pacyna, J.M., Borowiak, A., Boffetta, P. and Wichmann-Fiebig, M. (2001): EU Ambient Air Pollu-
tion by Mercury (Hg) - Position Paper. Office for Official Publications of the European Communities, 2001. Submitted by It-
aly (available on http://europa.eu.int/comm/environment/air/background.htm#mercury ). 

184. Pitche, P., Afanou, A., Amanga, Y. and Tchangai-Walla, K. (1997):  Prevalence of skin disorders associated with the use of 
bleaching cosmetics by Lome women. Sante 7:161-164. (In French) 

185. Plachy, J. (1996): Mercury.  (In) Minerals Yearbook, Volume 1 – Metals and Minerals, US Geological Survey, United States 
Department of the Interior, Washington, D.C. 

186. Product Stewardship Institute (PSI) (2004). Thermostat Stewardship Initiative: Background Research Summary, Product 
Stewardship Institute (PSI), October 18, 2004, pp. 5-6. Available at: 
http://www.productstewardship.us/prod_mercury_project.html  

187. Pye, E. G. (1964):  Mineral deposits of the Big Duck Lake area, district of Thunder Bay.  Ontario Dept. Mines Geol. Report, 
no. 27, 47 p. 

188. Reese (1999): USA Geological Survey Minerals Yearbook – 1999: Mercury. USGS at www.usgs.gov 

189. Rein, K. and Hylander, L.D. (2000): Experiences from phasing out the use of mercury in Sweden, Regional Environ. Change 
1, 126, 2000. 

190. Reindl, J. (2003): Summary of References on Mercury Emissions from Crematoria - DRAFT.  Dane County Department of 
Public Works.  Madison Wisconsin.  August 12, 2003. 

191. Reisdorf, R.P. and D'Orlando, D.C. (1984): Survey of Health Hazard Control Systems for Mercury Use and Processing. NTIS 
PB85-107241. National Technical Information Service, Springfield, VA. 

192. Renner, H. (2000): Gold, gold alloys, and gold compounds - production. In Ullmans encyclopedia of industrial chemistry, Wiley-VCH 
Verlag, as displayed December 2004 at http://www.mrw.interscience.wiley.com/ueic/articles/a12_499/frame.html  

193. Rentz, O., Sasse, H., Karl, U., Schleff, H.J. and Dorn, R. (1996): Emission control at stationary sources in the Federal Repub-
lic of Germany - Volume II, Heavy metal emission control. French-German Institute for Environmental Research (DFIU), 
University of Karlsruhe, 1996 (submitted by Germany for the global Mercury Assessment).  

194. Rui, I. J. (1973):  Geology and structures of the Rostvangen sulfide deposit in the Kvikne district, central Norwegian Caledon-
ides.  Norsk Geologisk Tidsskrift, v.53, p. 433-442. 

195. Ryall, W. R. (1979a):  Mercury in the Broken Hill (N.S.W., Australia) lead-zinc-silver lodes.  Jour. Geochem. Explorat., v.11, 
p. 175-194. 

196. Ryall, W. R. (1979b):  Mercury distribution in the Woodlawn massive sulfide deposit, New South Wales.  Economic Geology, 
v.74, p. 1471-1484. 

197. Saenger, M., Werther, J. and Lungwitz, H. (1999a): Mercury emissions from German fluidized bed sludge incinerators - A 
status report. Proceedings of the 15th International Conference on Fluidized Bed Combustion, May 16 - 19, 1999, Savannah, 
Georgia. Available at: http://www.portalenergy.com/balpyo/15icfbc/99-0042.pdf  

198. Saenger, M., Werther, J. and Hanssen, H. (1999b): Concentrations and mass balance of mercury in a fluidized bed sewage 
sludge incineration plants. Proceedings of the 15th International Conference on Fluidized Bed Combustion, May 16 - 19, 
1999, Savannah, Georgia. 

199. Sangster, D. F. (1986):  Classification, distribution and grade-tonnage summaries of Canadian lead-zinc deposits.  Can. Geol. 
Surv. Economic Geology Report 37, 68 p. 



Chapter 6 - References 

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

259 

200. Sangster, D. F. (1990):  Mississippi Valley-type and sedex lead-zinc deposits:  A comparative examination.  Trans. Inst. Min. 
Metallurg., v.99, p. B21-B42. 

201. Saupe, F.R. (1972): The Encyclopedia of Geochemistry and Environmental Science, Editor Fairbridge R. W., Van Nostrand 
Reinhold, New York, NY, USA, 1972. 

202. SCB (2002): Bidrag till Sveriges officiella statistik (Contribution to the Official Statistics of Sweden): Fabriker och manufak-
turer. Annul volumes for 1858–1895, Fabriker och hantverk Annual volumes for 1896–1910, Utrikes handel och sj¨ofart. An-
nual volumes for 1858–1890, Utrikes handeln. Annual volumes for 1891– 1894, Handel. Annual volumes for 1895–1910, 
Kommerskollegium. Norstedt och S¨oner and Isaac Marcus Boktr. AB, Stockholm, Sweden, 1859–1912. Sveriges officiella 
statistik (Official Statistics of Sweden): Industri. Annual volumes for 1911–1961, Handel. Annual volumes for 1911–1961, 
Stockholm, Sweden, 1912–1962. Statistics from 1962 onwards at Statistics Sweden, www.SCB.se (accessed Feb 20, 2002).  

203. Schachermayer, E., Bauer, G. and Ritter, E. (1995): Messung der Güter- und Stoffbilanz einer Müllverbrennungsanlage. 
[Measurement of the material and substance balance of a municipal solid waste incineration plant]. Monographie; Band 
56.Wien. (In German) 

204. Schäfer, S. and Hoenig, V. (2001): “Operational Factors Affecting the Mercury Emissions from Rotary Kilns in the Cement 
Industry,” Zement-Kalk-Gips International, Bauverlag GmbH, Walluf, Germany, Volume 54, No. 11, 2001. 

205. Schneider, M. and Oerter, M. (2000): “Limiting and Determining Mercury Emissions in the Cement Industry,” Zement-Kalk-
Gips International, Germany, Vol., 53, No. 3, 2000. 

206. Schroll, E. (1953):  Über Unterschiede im Spurengehalt bei Wurtziten, Schalenblenden und Zinkblenden.  Sitzungsberichte der 
mathem.- naturw. KL., Abt. I, v.162, no. 5, p. 21-332 p. 

207. Schroll, E. (1983):  Geochemical characterization of the Bleiberg type and other carbonate hosted lead-zinc mineralizations, in 
4th ISMIDA, Berchtesgaden, Germany, 4-10 October 1981, Proc., p. 189-197. 

208. Schwartz, M. O. (1972):  Geochemische und Lagerstättenkundliche Untersuchungen in Minas de Osor und Umgebung  
(Provinz Gerona, Spanien).  Unpubl. doctoral thesis, University of Aachen, Germany, 109 p. 

209. Schwartz, M.O. (1997): Mercury in zinc deposits: Economic geology of a polluting element. Internat.Geol. Rev. 39, 905-923.  

210. Scoullos, M., Vonkeman, G., Thornton, I., Makuch, Z., Arsenikos, S., Constantianos, V., Docx, P., Karavoltsos, S., Mac-
Donald, K., Mantzara, B., Maxson, P., Rautiu, R., Roniotes, S., Sakellari, A. and Zeri, C. (2000):  EUPHEMET - Towards an 
integrated EU policy for heavy metals. For the European Commission DG12 - Research Directorate-General, Brussels. 

211. Seal, R.R., II and Hammarstrom, J.M. (2003): Geoenvironmental models of mineral deposits: examples from massive sulphide 
and gold deposits: Environmental Aspects of Mine Wastes, J.L. Jambor, D.W. Blowes, and A.I.M. Ritchie (eds.), Mineralogi-
cal Association of Canada Short Series, v. 31, p. 11-50.  

212. Seraphim, R. H. (1980):  Western Mines-Myra, Lynx and Price deposits.  CIM Bull., December 1980, p.71-86. 

213. SH (2004): Mercury sources and alternatives in health care. Sustainable Hospitals. Available at: 
http://www.sustainablehospitals.org/HTMLSrc/IP_Merc_Tools_List.html 

214.  Shah, K. R., Filby, R. H. and Haller, W. A. (1970): Determination of Trace Elements in Petroleum by Neutron Activation 
Analysis, Journal of Radioanalytical Chemistry, 6:413.  

215. Shin Chan-Ki et al. (2000): A study on the proper treatment of incineration residues from MSW Incinerator (I) - on the basis 
of bottom ash. Waste Rreatment Engineering Division of theNational Institute of Environmental Research, Korea. As cited in 
the submission from the Republic of Korea for the UNEP Global Mercury Assessment. Available at: 
http://www.chem.unep.ch/mercury/2001-gov-sub/sub76govatt2.pdf  

216. Shunlin Tang, Xinbin Feng, Zhonggen Li, Shaofeng Wang and Lian Liang (2004): A preliminary study on mercury speciation 
in municipal waste landfill gas from Guizhou, China. In Mercury as a Global Pullotant, part 1, RMZ - Materials and Geoenvi-
ronment - periodical for mining, metallurgy and geology, Ljubliana, Slovenia, 2004. 

217. Skare, I. and Engqvist, L. (1994): Human exposure to mercury and silver released from dental amalgam restorations. Arch. 
Environ. Health 1994; 49:384-394. 

218. Skårup, S., Christensen, C.L., Maag, J. and Jensen, S.H. (2003): Substance Flow Analysis for Mercury. Environmental project 
no. 808, The Danish EPA, 2003(in Danish with summary in English). Available at www.mst.dk. Since 2004 also available in 
English at same website. 

219. Smirnov, V. I., ed. (1977):  Ore deposits of the USSR, v.3. London, Pitman, 424 p. 

220. Smith, R. C., II, (1977):  Zinc and lead occurrences in Pennsylvania.  Penn. Geol. Surv., Min. Resources Report 72, 318 p. 

221. Soler, P. (1982): Comentario sobre la distribución de elementos menores y trazas (Ag, Bi, Hg, Se, Cd, In, Ge, Ga, Sn) en los 
yacimientos de Pb-Zn del Peru central, in V Cong. Latinoamer. Geol., Argentina, 1982, Proc., v.IV, p. 159-175. 

222. Southworth et al. (2004): Fugitive Mercury Emissions from a Chlor-alkali Factory: Sources and Fluxes to the Atmosphere. 
Atmospheric Environment 38: 597-611 

223. Sörme, L. and Lagerkvist, R. (2002): Sources of heavy metals in urban wastewater in Stockholm. The Science of the Total 
Environment 298 (2002) 131.145 



Chapter 6 - References 

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

260 

224. Sörme, L., Lindqvist, A. and Söderberg, H. (2003): Capacity to Influence Sources of Heavy Metals to Wastewater Treatment 
Sludge. Environmental Management Vol. 31, No. 3, pp. 421–428 

225. Sprung, S. (1982): “Technologishe Probleme beim Brennen des Zementklinkers, Ursache und Lösung,” Schrigtenreihe der 
Zementindustrie, Verein Deutscher Zementwerke e.V., Düsseldorf, Germany, Heft 43, 1982 Translation by Brodek, T.V., 
“Technological Problems in Pyro-Processing Cement”. 

226. Srivastava, R.C. (2003):  “Guidance and Awareness Raising Materials under new UNEP Mercury Programs (Indian Sce-
nario)”.  Center for Environmental Pollution Monitoring and Mitigation. Lucknow, India.  Submission to UNEP in August 
2003.  

227. Sznopek, J.L. and Goonan, T.G. (2000): The materials flow of mercury in the economies of the United States and the world. 
USA Geological Survey Circular 1197, vers. 1.0, USA Geological Survey, Nov. 2000, downloaded from 
http://greenwood.cr.usgs.gov/pub/circulars/c1197/  in January 2001. Available from 
http://minerals.usgs.gov/minerals/pubs/commodity/mercury/. 

228. Tao, H., Murakami, T., Tominaga, M. and Miyazaki, A. (1998): Mercury speciation in natural gas condensate by gas chroma-
tography-inductively coupled plasma mass spectrometry, J. Anal. At. Spectrom., 13:1085.  

229. Tempelman-Kluit, D. J. (1972):  Geology and origin of the Faro, Vangorda, and Swim concordant zinc-lead deposits, central 
Yukon Territory.  Can. Geol. Surv. Bull. 208, 73 p. 

230. Terzic, S. B. (1972):  Thallium and mercury in minerals from the Mezica ore deposit.  Geol. Razprave in Porocila, v.15, p. 
361-368. 

231. Thorpe, R. I., (1972):  Mineral exploration and mining activities, mainland Northwest Territories, 1966 to 1968.  Can. Geol. 
Surv. Pap. 70-70, 204 p. 

232. Thurlow, J. G., Swanson, E. A. and Strong, D. F. (1975):  Geology and lithogeochemistry of the Buchans polymetallic sulfide 
deposits, Newfoundland.  Economic Geology, v.70, p. 130-144. 

233. Tikkanen, G.D. (1986): World resources and supply of lead and zinc. In: Bush VR (Ed.):  Economics of internationally traded 
minerals. Littleton, CO, Soc. Min. Eng., pp. 242-250. as cited by Schwartz (1997).  

234. Toxics Link (2003): Mercury in India –Toxic Pathway-. September 2003, p. 24. Available at: 
http://www.toxicslink.org/docs/06035_publications-1-33-2.pdf 

235. TRI (2004): Toxics Release Inventory (TRI) Program. US Environmental Protection Agency. Available at: 
http://www.epa.gov/triexplorer/  

236. Ullmann (2000): Ullmann's encyclopedia of industrial chemistry: Zinc, starting materials for zinc production. Accessed at 
www.mrw.interscience.wiley.com/ueic/articles/a28_509/sect3.html in October 2003 .  

237. Ullmann (2001): Ullmann's encyclopedia of industrial chemistry: Copper, Copper minerals. Accessed at 
www.mrw.interscience.wiley.com/ueic/articles/a28_509/sect3.html in October 2003.  

238. UNEP (2002): Global Mercury Assessment, UNEP Chemicals, Geneva, Switzerland, December 2002. 

239. UNEP (2003): Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases, 1st edition, May 2003, 
UNEP Chemicals, Geneva, Switzerland. 

240. UNIDO (2003):  Marcello M. Veiga and Randy Baker.  Protocols for Environmental and Health Assessment of Mercury Re-
leased by Artisanal and Small-scale Miners.  April 2003.  

241. Unilever (2003): Thermometer factory: Kodaikanal, India (update 7 April 2003). Unilever PLC London. Available at: 
http://www.unilever.com/environmentsociety/newsandspeeches/Thermometer_factory_Kodaikanal_India.asp?ComponentID=
5664&SourcePageID=165 .  

242. US EPA (1984): Review of National Emission Standards for Mercury. EPA-450/3-84-004. Emission Standards and Engineer-
ing Division, Research Triangle Park, NC. 

243. US EPA (1992): Characterization of Products Containing Mercury in Municipal Solid Waste in the United States, 1970 to 
2000. Office of Solid Waste, Washington, DC. March 1992. 

244. US EPA (1994): Report by W. Battye, U. McGeough, and C. Overcash (EC/R)- 1994.  Evaluation of Mercury Emissions from 
Fluorescent Lamp Crushing.  EPA-453/R-94-018.  US EPA, RTP, NC.  

245. US EPA (1996): Emission Factor Documentation for AP-42, Section 1.6, Wood Waste Combustion in Boilers, Research Tri-
angle Park, NC. 

246. US EPA (1997a): Locating and estimating air emissions from sources of mercury and mercury compounds. Report EPA-
454/R-97-012, (NTIS PB98- 117054), Office of Air Quality Planning and Standards, Research Triangle Park, NC.  Available 
at: http://www.epa.gov/ttn/chief/le/index.html . 

247. US EPA (1997b): Mercury Study Report to Congress.  US EPA, Dec. 1997.  Available at: 
http://www.epa.gov/mercury/report.htm  

248. US EPA (1997c): Mercury emissions from disposal of fluorescent lamps. Office of Solid Waste, US Environmental Protection 
Agency.  Available at: http://www.epa.gov/epaoswer/hazwaste/id/merc-emi/merc-pgs/merc-rpt.pdf . 



Chapter 6 - References 

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

261 

249. US EPA (1998):  National Emission Standards for Hazardous Air Pollutants: Publicly Owned Treatment Works MACT stan-
dard. US Federal Register Volume 63, No. 230.  December 1, 1998. pages 66084-66101. 

250. US EPA (2000): Unified Air Toxics Website: Electric Utility Steam Generating Units, Section 112 Rule Making, Office of Air 
Quality Planning and Standards, Research Triangle Park, NC. www.epa.gov/ttn/uatw/combust/utiltox/utoxpg.html.  

251. US EPA (2001): Great Lakes Binational Toxics Strategy Progress Report 2001, available at:  
http://www.epa.gov/glnpo/bns/reports/2001Progress/index.html. 

252. US EPA (2002a): Control of Mercury Emissions from Coal-fired Electric Utility Boilers, Interim Report Including errata Data 
3-21-02.  EPA-600/R-01-109, National Risk Management Research Laboratory, Research Triangle Park, NC, April 2002. 
Available at http://www.epa.gov/appcdwww/aptb/EPA-600-R-01-109corrected.pdf.  

253. US EPA (2002b):  National Emission Standards for Hazardous Air Pollutants:  Mercury Emissions From Mercury Cell Chlor-
alkali Plants; Proposed Rules.  Federal Register.  July 3, 2002.  

254. US EPA (2003a): Mercury: Toxics Release Inventory Fact Sheet.  United States Environmental Protection Agency, Region 9.  
June 2003. 

255. US EPA (2003b):  Clean Energy Information.  Available at website:  http://www.epa.gov/cleanenergy/oil.htm . 

256. US EPA (2003c): What Devices Contain Mercury? Welcome to the US EPA Region 5/ Purdue University website. Available 
at: http://pasture.ecn.purdue.edu/~mercury/src/devicepage.htm#man  

257. US EPA (2003d): TRI.  Reporting for year 2001 for the Chloralkali Industry. Available at http://dl.rtk.net/tri/fac  “2003.  

258. US EPA (2004): Mercury in medical waste. Available at: http://www.epa.gov/reg5oair/glakes/fact1.htm  

259. Vasquez R., H. (1974): Tablas prácticas para la determinación de minerales y directorio minero-metalúrgico Peruano. Lima, 
Peru, Offset S.A., 118 p. 

260. VDZ (2000): Umweltdaten der deutschen Zementindustrie. [Environmental data for the German cement industry]. Verein 
deutscher Zementwerke e. V., Düsseldorf. (In German) 

261. VDZ (2001): Activity Report 1999-2001. Verein Deustcher Zementwerke e. V., Forshungsinstitut der Zementindustrie, Dus-
seldorf, Germany. Available at: http://www.vdz-online.de/daten/tb_99_01/en/script/start.htm .  

262. Velzen, D. van, Langenkamp, H. and Herb, G. (2002): Review: Mercury in waste incineration. Waste Management and Re-
search 20: 556-568.  

263. Vokes, F. M. (1976):  Caledonian massive sulfide deposits in Scandinavia.  A comparative review, in Wolf, K. H., ed., Hand-
book of strata-bound and stratiform ore deposits, v.6.  Amsterdam, Elsevier, p. 79-127. 

264. Wankhade, K.K. (2003): Mercury in India. Toxic pathways. Toxics Link, New Delhi. Available at: 
http://www.toxicslink.org/pub-view.php?pubnum=35  

265. Watling, R. J. (1974):  Identification and analysis of lattice-held mercury in sphalerite from Keel prospect, County Longford, 
Ireland. Trans. Inst. Min. Metallurg., v.83, p. B88-B94. 

266. WHO (1995): Environmenatl Health Criteria 167.  International Programme on Chemical Safety.  Acetaldehyde.  World 
Health organization.  Geneva, Switzerland. 

267. Widenfalk, L. (1979):  Mercury as an indicator of stratigraphy and metamorphism in the Skellefte ore district. Economic Ge-
ology, v.74, p. 1307-1314. 

268. Wilhelm, S.M. (2001): Mercury in petroleum and natural gas: Estimation of emissions from production, processing, and com-
bustion. US Environmental Protection Agency, Office of Research and Development, Washington. Available at: 
http://www.epa.gov/ORD/NRMRL/pubs/600r01066/600r01066.pdf  

269. Wilhelm, S.M. and Bigham, G.N. (2002): Concentration of mercury in crude oil refined in the United States. 5th International 
Conference on Mercury as a Global Pollutant, Minamata, Japan. Available at: 
http://www.hgtech.com/Publications/minamata.htm .   

270. Wright, G. M. (1967):  Geology of the southeastern Barren Grounds, parts of the districts of Mackenzie and Keewatin.  Can. 
Geol. Surv. Memoir 350, 91 p. 

271. Yanin (2004): Description of non-ferrous metal industry in Lassen et al. (2004). 

272. Yep, C., Algazi, A. and Low, J. (2002): Mercury report. Department of Toxic Substances Control, Hazardous Waste Manage-
ment Program and State Regulatory Programs Division, Sacramento, California. Available at: 
http://www.dtsc.ca.gov/hazardouswaste/mercury/HWM_REP_Mercury_Final.pdf. 

273. Zeeh, S. and Bechstädt, T. (1994):  Carbonate-hosted Pb-Zn mineralization at Bleiberg-Kreuth (Austria):  Compilation of data 
and new aspects.  Soc. Geol. Appl. Min. Dep., Spec. Publ., no. 10, p. 271-296. 



Chapter 7 - Glossary, acronyms and abbreviations 

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

262 

7 Glossary, acronyms and abbreviations 
< - less than; 

> - greater than; 

°C - degree Celsius (centigrade); 

/ - divided by; 

* - multiplied by; 

% - percent; 

µg – microgram (10-6 gram); 

APC devices - air pollution control (APC) devices; 

ATSDR – US Agency for Toxic Substances and Disease Registry; 

CIS countries – Countries of the Commonwealth of Independent States (Armenia, Azerbaijan, Belarus, Kazak-
stan, Kyrgyzstan, Republic of Moldova, Russian Federation, Tajikistan, Turkmenistan, Ukraine and Uzbekistan). 

DSI – duct sorbent injection; 

EC – European Community (Starting May 1st, 2004, 25 member states (Austria, Belgium, Cyprus, Czech Re-
public, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxem-
burg, Malta, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, The Netherlands, United Kingdom)); 

EU (15) – European Community before expansion 1 May, 2004, when it had 15 Member States (Austria, Bel-
gium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, 
Sweden and the United Kingdom).  

EMEP – Co-operative Programme for Monitoring and Evaluation of the Long-Range Transmission of Air Pol-
lutants in Europe (under the LRTAP Convention); 

ESP – Electrostatic precipitator; equipment used to reduce emissions of certain pollutants from combustion flue 
gases; 

EU – European Union.  Starting May 1st, 2004, the European Union has 25 member states (Austria, Belgium, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxemburg, Malta, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, The Netherlands, United 
Kingdom), establishing an area of more than 4 million square kms with a population of approximately 460 mil-
lion inhabitants; 

FAO – Food and Agriculture Organization; 

FF - Fabric filter; filter type used to capture particulate matter (here: from combustion flue gases); 

FGD – Flue gas desulfurization; process of/equipment for primarily minimizing emissions of sulfur from com-
bustion flue gases; 

g – gram; 

g/l or g/L – grams per litre; 

Hg0 or Hg(0) - elemental mercury; 

Hg2+ or Hg(II) - divalent mercury - the dominating mercury form in organic and inorganic mercury compounds. 
In the atmosphere, mercury species with divalent mercury are more easily washed out of the air with precipitation 
and deposited than elemental mercury; 

Hgp - particulate mercury - mercury bound in, or adsorbed on, particulate material. In the atmosphere, particulate 
mercury is deposited much faster than elemental mercury; 
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IARC - International Agency for Research on Cancer; 

ILO - International Labor Organization; 

IPCS – International Programme on Chemical Safety; 

kg – kilogram; 

l or L – litre; 

Life-time - In descriptions of life-cycles of products: The time span from when the product is put into use (usu-
ally time of purchase) until it is no longer used or discarded; 

LRTAP Convention – Convention on Long-Range Transboundary Air Pollution; 

m – meter; 

MethylHg or MeHg – methylmercury; 

metric ton – 1000 kg; 

mg – milligram (10-3 gram); 

MSC-E – Meteorological Synthesizing Centre – East (associated with the LRTAP Convention); 

MSW – municipal solid waste; 

MW – Megawatt; 

MWC – municipal waste combustor; 

MWI – medical waste incinerator; 

NEMA – National Electrical Manufacturers Association (in the USA); 

ng – nanogram (10-9 gram); 

OECD - Organization for Economic Cooperation and Development; 

ppb – parts per billion; 

ppm - parts per million; 

PM – Particlate material; particulate matter; 

PS - Particle scrubber; equipment designed to reduce emissions of particles from combustion flue gases 

SCR - Selective catalytic reduction; equipment designed to reduce emissions of certain pollutants from combus-
tion flue gases; 

SD - Spray dryer; 

SDA - Spray dryer adsorber system; equipment designed to reduce emissions of certain pollutants from combus-
tion flue gases; 

Slag - waste material produced when coal is dug from the earth, or a substance produced by mixing chemicals with 
metal that has been heated until it is liquid in order to remove unwanted substances from it. 

SNCR - Selective non-catalytic reduction; equipment designed to reduce emissions of certain pollutants from 
combustion flue gases; 

t  or ton - metric ton = 1000 kg; 

UN - United Nations; 

UNEP - United Nations Environment Programme; 

US – United States of America; 

US EPA – Environmental Protection Agency of the United States of America; 

USA – United States of America; 

WHO - World Health Organization; 
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8 Technical annexes 

8.1 Mercury concentrations in sphalerit in concentrates for zinc 
extraction 

1201. Below find, with reference to section 5.2.3 on zinc extraction and initial processing, in table 
8.1, data on mercury concentrations in sphalerit (Hgsp) in concentrates for zinc extraction (Schwartz, 
1997).  
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Table 8-1 Mercury concentrations in sphalerit (Hgsp) in concentrates for zinc extraction   (Schwartz, 1997) 

Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Archean VOLCEX deposits (up to greenschist facies) 
Canada 19 Cdn.-Jamieson, Coniagas, Delbridge, Hacket R., 

High L., Indian Mountain L., Kam-Kotia, Kidd 
Creek, Lac Dufault, Manitou-Barvue, Mattabi, 
Mattagami L., N. Slave, Orchan, Poirier, South 
Bay, Spi L., Sturgeon L., Zenmac 

37 M 66 Jonasson and Sangster (1975) Pye (1964), Wright (1967), Franklin et 
al. (1981), Laznika (1981), Sangster 
(1986) 

Canada 1  123 C 1 (confidential)  
Archean VOLCEX deposits (amphibolite facies) 

Canada 3 Geco, Normetal, Willecho 10 M 13 Jonasson and Sangster (1975) Franklin et al. (1981) 
Proterozoic VOLCEX deposits (up to greenschist facies) 

Canada 4 Errington, Flin Flon, Ruttan L., Schist L. 95 M 10 Jonasson and Sangster (1975) CIM (1957), Franklin et al. (1981), 
Laznicka (1981) 

Sweden 11 Boliden, Kristineberg, Langdal, Langsele, 
Näsliden, Rävliden ABC, Rävliden Cu, 
Ravlidmyran, Renström, Sturemalmen, Udden 

998 C 11 Widenfalk (1979)  

Proterozoic VOLCEX deposits (amphibolite facies) 
Canada 9 Chisel L., Fox L., New Calumet, N. Contact L., 

Osborne L., Sherridon, Sulphide L., Tetrault, 
Western Nuclear 

97 M 22 Jonasson and Sangster (1975) Franklin et al. (1981), Laznicka (1981) 

Finland 1 Vihanti 550 C 1 Kleinevoss (1971) Isokangas (1978) 
Sweden 1 Rudtjebäcken 582 C 1 Widenfalk (1979)  

Phanerozoic VOLCEX deposits (up to greenschist facies) 
Australia 1  50 C 1 (confidential)  
Australia 1  4 M 2 (confidential)  
Australia 1 Woodlawn 6 M 8 Ryall (1979b) Laznicka (1981) 
Canada 1  11 C 1 (confidential)  
Canada 11 Big Bull, Brunswick No. 6, 12, Buchans, Heath 

Steele, Key Anacon, Seneca, Sturgeon R.  
Wedge, Weedon, Western 

35 M 14 Jonasson and Sangster (1975) CIM (1957), Douglas (1970). Thurlow 
et al. (1975), Armbrust and Gannicott 
(1980), Seraphim (1980), Franklin et al. 
(1981) 

Japan 1 Shakanai 14 M 12 Nishiyama (1974)  
Japan 3 Furutobe, Hanaoka, Uchinotai 29 M 6 Ozerova (1986) Ozerova et al. (1975) 
Kazakstan 1 Ridder-Sokol'noye 1 M 4 Kovrigo et al. (1976)  
Norway 4 Bjorkasen, Lokken, Rostvangen Vigsnes 55 M 5 Oftedal (1941) Rui (1973), Vokes (1976), Bugge (1978) 
Russia 6 Mauk, (South Urals), Valentina 64 M 15 Ozerova (1986) Ozerova et al. (1975), Smirnov (1977) 
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Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Spain 1  548 C 1 (confidential)  
Spain 1 Santa Ana 43 C 1 Marcoux et al. (1996)  
Spain 1 San Telmo 116 C 1 Marcoux et al. (1996)  
United States 4 (East Maine) 17 M 6 Jolly and Heyl (1968) Bouley and Hodder (1984) 
 3 East Pacific Rise, Galapagos Rift, Juan de Fuca 

Ridge (seafloor) 
2 C 5 Bischoff et al. (1983)  

 
 

Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Phanerozoic VOLCEX deposit. (amphibolite facies) 
Norway 1 Hestekletten 30 M 1 Oftedal (1941) Vokes (1976), Bugge (1978) 
Norway 1 Storvarts 100 M 1 Oftedal (1941) Vokes (1976), Bugge (1978) 
Norway 1 Jakobsbakken 42 M 1 Kleinevoss (1971) Vokes (1976), Bugge (1978) 

Proterozoic SEDEX deposits (amphibolite/granulite facies) 
Australia 1 Broken Hill 27 M 24 Ryall (1979a)  
United States 1 Balmat 1198 M 2 Jonasson and Sangster (1975) deLoraine and Dill (1982), Sangster 

(1990) 
Phanerozoic SEDEX deposits (up to greenschist facies) 

Australia 1  48 C 1 (confidential)  
Australia 1  89 C 1 (confidential)  
Canada 1  109 C 1 (confidential)  
Canada 1 Faro 114 M 2 Jonasson and Sangster (1975) Tempelman-Kluit (1972), Sangster 

(1990) 
Germany 1 Rammelsberg 164 C 8 Kraume (1955)  
Germany 1 Meggen 6 C 1 Hilmer (1972)  

Phanerozoic SEDEX deposits (amphibolite facies) 
Norway 1 Mofjell 60 C 1 Borsch (1970; quoted by  

Kleinevoss (1971) 
Vokes (1976), Sangster (1990) 

Pre-Tertiary veins in low-carbonate rocks 
Canada 20 Arctic Silver, Berens R., Box, (Cobalt) Dor-

chester, Frontenac Lead, Homer L., (Keno Hill), 
Keymet, Kingdon Lead, Ramah, Severn R.,  
Smithers, Thubin L., (Thunder Bay) Turnback L. 

32 M 46 Jonasson and Sangster (1975) Alcock (1930), CIM (1957), Douglas 
(1970), Thorpe (1972), Sangster  
(1986), Kissin and Sherlock (1989), 
Beaudoin and Sangster (1992)  

Czech Rep. 1 Pribram 65 M 2 Schroll (1953) Beaudoin and Sangster (1992) 
Germany 1 Clausthal 283 M 3 Kleinevoss (1971) Beaudoin and Sangster (1992) 
Germany 1 Bad Grund 293 M 1 Kleinevoss (1971) Beaudoin and Sangster (1992) 
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Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Germany 1 Freiberg 30 M 2 Schroll (1953) Beaudoin and Sangster (1992) 
Spain 1 Osor 0.4 M 5 Schwartz (1972)  
Kazakstan 4 Bezymyannoye Kizyl-bel', Kok-tyube,  

Peraval'noye 
86 M 8 Ozerova (1959)  

Ukraine 1 Nagol'no-Tarasovskoye 6 M 1 Saukov (1946; quoted by  
Dvornikov, 1962) 

 

Ukraine 1 Gruzskaya 73 M 1 Dvornikov, 1962)  
United States 1 Coeur d'Alene 95 M 14 Fryklund and Fletcher (1956)  
United States 5 Armenius, Madison. (Shawangunk), Valzinco, 

Wheatley 
23 M 5 Jolly and Heyl (1968) Ingham (1940), Luttrell (1966),  

Smith (1977) 
Pre-Tertiary veins in limestone/dolomite 

Canada 2 Blue Bell, Silver L. 18 M 3 Jonasson and Sangster (1975) CIM (1957), Franklin and Mitchell 
(1977) 

United States 11 (Central Kentucky), (Central Tennessee vein  
district) 

48 M 27 Jolly and Heyl (1968) Jewell (1947), Jolly and Heyl (1964), 
Kyle (1976) 

United States 1 Dove Creek 13 C 1 Maher and Fagan (1970)   Jolly and Heyl (1964) 
 

Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Vein (and carbonate-replacement) deposits linked to Tertiary magmatism 
Bulgaria 1 Madzharovo 0.5 M 2 Ozerova (1983) Breskovska and Tarkian (1993) 
Peru 20 Alianza, Atacocha, Austria Duvaz, Casapalca-

Centromin, Casapalca-Gubbins, Cerro de Pasco, 
Colquirrumi, El Brocal, Huaron, Morococha, 
Pachapaqui, Perubar, Raura, San Cristobal,  
Santa Rita, Santander, Uchucchacua, Volcan, 
Yauli, Yauricocha 

31 C 20 Cavanagh and Glover (1991)  Vasquez (1974), Soler (1982, 1986) 

Peru 1  31 C 1 (confidential)  
Peru 1  76 C 1 (confidential)  
Peru 1  147 C 1 (confidential)  
Serbia 1 Trepca 33 M 1 Kleinevoss (1971) Jankovic (1982) 

Proterozoic MVT 
Canada 3 Long L., Strathcona, Thirty Islands L. 14 M 9 Jonasson and Sangster (1975)  

Phanerozoic MVT 
Austria 1 Lafatsch 1 C 15 Cerny (1989)  
Austria 1 Bleiberg 2 C 100 Schroll (1983) Zeeh and Bechstädt (1994) 
Canada 14 Bankeno, Ferndale, Gays R., H.B., Kaladar  5 M 83 Jonasson and Sangster (1975)  
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Country Number of 
deposits Deposit name (district) 

Average Hgsp 
concentration, 

ppm *1 

Analyzed 
material 

*2 

Number 
of  

samples 

References for analyses  
and deposit classification 

Additional references for  
deposit classification 

Road, Kicking Horse, Little Pike Day, Monarch, 
Newfoundland Zinc, Pine Point, Schoolhouse, 
Tobermory, Walton, Wiarton 

Germany 1 Stolberg 0.2 M 8 Krahn et al. (1986)  
Peru 1 San Vicente 4 C 1 Cavanagh and Glover (1991) Fontboté and Gorzawski (1990) 
Slovenia 1 Mezica 0.4 M 4 Terzic (1972) Cerny (1989) 
United States 20 Almedia, Bamford, (East Tennessee),  

Friedensville, (Southwest Virginia), (Timber-
ville), (Tri-State), (Upper Mississippi Valley) 

3 M 29 Jolly and Heyl (1968) Hoagland (1971), Smith (1977),  
Sangster (1990) 

United States 1 Nashville Prospect 0.05 M 1 Jones (1988)  
United States 18 (East Tennessee), (Southwest Virginia) 21 C 19 Maher and Fagan (1970)  

Sandstone lead-zinc 
Germany 1 Maubach 10 M 1 Kulms (1970)  

Unclassified deposits in limestone/dolomite 
Canada 1 Prairie Creek 933 M 2 Jonasson and Sangster (1975)  
Ireland 1 Keel 227 M 113 Watling (1974)  
Italy 1 Gorno 55 M 20 Fruth and Maucher (1966)  
Kazakhstan 1 Achisai 6 M 3 Fursov (1958)  
Spain 1 Rubiales 2054 M 76 Arias et al. (1992)  
United States 3 Linville Falls, Serpent Mount, Smith 102 M 3 Jolly and Heyl (1968)  
United States 1 East Fork Cabin Creek 10 C 1 Maher and Fagan (1970)  

Notes: *1 The Hgsp concentrations refer to the mercury content of sphalerite (mineral analysis) or the theoretical mercury content of sphalerite in ore (see text). 
 *2 M = mineral analysis; C = concentrate analysis. 
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9 Annexes 

9.1 Standardized presentation format 
 

Section 
number 

Heading; 
Description of content 

1 Summary 

 The summary should include an overview description of the results 

1.1 Releases by main source categories 

 The summary should include a brief description of the significant releases to all relevant media for the main 
source categories as identified in the screening matrix. Include also a table showing the sum of quantified re-
leases from each source main category according to the categorisation presented in this Toolkit. When sum-
ming up the total quantified releases, beware of double counting (subtract double counted numbers - note be-
low the table briefly what was subtracted). 

Main Source Category Air Water Land Product 
Waste/
residue 

Extraction and use of fuels/energy sources      
Primary (virgin) metal production      
Production of other minerals and materials 
with mercury impurities 

     

Intentional use of mercury in industrial 
processes 

     

Consumer products with intentional use of 
mercury 

     

Other intentional products/process uses      
Production of recycled metals 
("secondary" metal production) 

     

Waste incineration      
Waste disposal, deposition/landfilling      
Cremation and cemetaries      
Total quantified releases      

 

As an additional obtion, releases may be presented in a separate table in an alternative breakdown on 1) mobi-
lization of mercury impurities, 2) intentional uses of mercury, and 3) waste treatment. This requires summa-
tions 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). 

1.2 Important source sub-categories 

 This section should include 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. 
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1.3 Data gaps 

 In addition, major data gaps, main release pathways and priority areas for data collection and improvements 
should be identified. 

2 Identified mercury release sources 

 List all identified mercury release source sub-categories identified in the country in an overview table. Where 
no emission factors and no source specific measured data exist for the release quantification, this should be 
identified ["No data available"]. For source sub-categories mentioned in this Toolkit which are not identified 
in a country, the phrase “Not identified in the country” should be introduced to show that the respective activ-
ity has been investigated, but was not present. 

3 Quantification of mercury releases 

3.1 Main source category 1 according to the Toolkit categorisation, for categories identified in the country only 
[e.g. "Extraction and use of fuels/energy sources"] 

3.1.1 Source sub-category 1 according to the Toolkit categorisation, for sub-categories identified in the country 
only [e.g. "Coal combustion in large power plants"] 

 Sub-category by sub-category description of the key data and the calculated release estimates. Each sub-
section will provide information on the basic process, the approaches and means used to investigate potential 
releases from the process and provide the findings. Each section is expected to be relatively short to reduce 
the overall report size.  The key information will be included for each section. End each section with the fol-
lowing overview table (or similar), adjusted individually according to the life cycle phases included and the 
data types used in the inventory. See examples of how the table is used in section 4.4.7 of the Toolkit. 

See also the guidelines for reporting in Toolkit section 4.5 for additional information on the reporting princi-
ples. 

[Sub-category name] Unit Produc-
tion Use Dis-

posal 

Sum of releases to 
pathway from as-
sessed part of life-

cycle 
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       
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3.1.2 
[etc.] 

Next quantified sub-category, etc. 

4 Conclusions 

 • Principal sub-categories releasing mercury to each medium; 
• Results and evaluations of cross-check input/output mercury balances, if performed; 
• Measures in place to control these releases or expected changes to process/activities that will substan-

tially alter the releases; 
• Main data gaps and their perceived importance; 
• Priorities for further assessment, data generation, measurements or policy measures. 

R
E

FE
R

E
N

C
E

S References (format should include: Name of author(s), year of publication, subject title, publication name, 
series number, page number, name, city and country of publicher, exact Internet link if data were found on the 
Internet, date of access to the webpage. The reference format used in the Toolkit may be taken as an example. 

A
PP

E
N

D
IC

E
S Appendices as relevant (see section 4.5 for guidelines). 
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9.2 Draft spreadsheet for facilitating calculations of mercury 
releases 

 

1202. 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.  The spreadsheet is 
available on-line at the UNEP Chemicals website http://www.chem.unep.ch/mercury/ or can be ob-
tained by contacting UNEP Chemicals at the address given on the inside cover of this document. 

1203. The Excel spreadsheet consists of a number of individual work sheets - first, a summary work-
sheet providing an overview of the main outputs for each category, thereafter, nine individual work-
sheets covering each source category. 

1204. Specific instructions on how to use the spreadsheet are available with the spreadsheet itself.  It 
is extremely important that users read the Toolkit chapters carefully before using the spreadsheet, as it 
is not self-explanatory and there is a clear risk of making serious mistakes, if the user does not ac-
quaint himself/herself with the methodology used and the proposed principles and data are not read 
and understood carefully. Also, before working with an individual source sub-category in the spread-
sheet, the Toolkit section describing the source category must be studied first. 

1205. Chapter 5, which provides detailed descriptions of the various potential source categories of 
mercury releases, suggests default input and output factors for a number of sub-categories for use in 
cases where source specific data are not available. Default calculation formulas have been entered in 
the Excel spreadsheet for sub-categories where such default factors are suggested.  Where default 
ranges are suggested, the maximum default factor is used in the calculation formula.  As already em-
phasized throughout the Toolkit, well documented national or local input and output factors should 
always be preferred, if available.  If this is the case, the input and output factors in the worksheets 
must be changed manually.  Also, where no default factors have been suggested, users must enter the 
appropriate data and calculation formula applicable for the specific conditions under consideration. 

1206. 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. 

1207. The actual spreadsheet with the individual source category worksheets is not reproduced in the 
Toolkit, however, for illustrative purposes table 9.1 and 9.2 show two examples of individual work-
sheets for source categories 5.1 Extraction and use of fuels/energy sources and 5.5 Consumer products 
with intentional use of mercury.  

1208. When all the nine Excel worksheets for the different source categories have been filled in, a 
summary table is automatically generated to show the total releases from all categories.  An example 
of a summary table is given in table 9.3.below, taken from the recently published ACAP Arctic Mer-
cury Release Inventory (ACAP, 2005).  Note - the table in the example has been adapted to fit Danish 
conditions, and is outlined slightly differently from the spreadsheet table, and the source categories are 
not fully identical.   
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Table 9-1 Example of an Excel worksheet showing input and output data for releases to different media for category 5.1 Extraction and use of fuels/energy sources. 
Spreadsheet of UNEP Chemicals' Toolkit for identification and quantification of mercury releases
Read "introduction" before starting

C Su-C Source category /phase Exists? 
(y/n/?)

Default 
input 
factor

Unit Enter input 
factor Unit  Enter activity 

rate Unit Calculat. 
Hg input Unit "Output scenario (where 

relevant)
Enter Hg 

input Unit Air Water Land Products General 
waste

Secto r 
specific 

treatment/di
sposal

Air Water Land Products General 
waste

Sector 
specific 

treatment/di
sposal

Remarks

5.1
Source category: Extraction and 
use of fuels/energy sources

5.1.1
Coal combustion in large power 
plants y 354.00 0.00 0.00 0.00 406.00 0.00
/Coal wash n 0.05-0.5 g Hg/t 0.5 g Hg/t t coal/y 0 Kg Hg/y Kg Hg/y 0.01 0.8 0.19 0.00 0.00 0.00 0.00 0.00 0.00
/Combustion y 0.05-0.5 (a g Hg/t 0.5 g Hg/t 1,520,000 t coal/y 760 Kg Hg/y (a Emis. Red. Devices: None (a Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00

General ESP or PS (a Kg Hg/y 0.9 0.1 0.00 0.00 0.00 0.00 0.00 0.00
FF or other high PM retention (a Kg Hg/y 0.5 0.5 0.00 0.00 0.00 0.00 0.00 0.00
PM+SDA (a 260 Kg Hg/y 0.4 0.6 104.00 0.00 0.00 0.00 156.00 0.00
PM+wet FGD (a 500 Kg Hg/y 0.5 0.5 250.00 0.00 0.00 0.00 250.00 0.00

5.1.2 Other coal use 225.00 0.00 0.00 0.00 0.00 0.00
Coke production n 0.05-0.5 g Hg/t 0.5 g Hg/t t coal/y 0 Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00
Coal combustion y 0.00 0.00 0.00 0.00 0.00 0.00
/Coal wash n 0.05-0.5 g Hg/t 0.5 g Hg/t t coal/y 0 Kg Hg/y 0.01 0.8 0.19 0.00 0.00 0.00 0.00 0.00 0.00
/Combustion y 0.05-0.5 (a g Hg/t 0.5 g Hg/t 450,000 t coal/y 225 Kg Hg/y (a Emis. Red. Devices: None (a 225 1 225.00 0.00 0.00 0.00 0.00 0.00

General ESP or PS (a 0.9 0.1 0.00 0.00 0.00 0.00 0.00 0.00
FF or other high PM retention (a 0.5 0.5 0.00 0.00 0.00 0.00 0.00 0.00
PM+SDA (a 0.4 0.6 0.00 0.00 0.00 0.00 0.00 0.00
PM+wet FGD (a 0.5 0.5 0.00 0.00 0.00 0.00 0.00 0.00

5.1.3
Mineral oils - extraction, refining 
and use 335.20 0.00 0.00 0.00 0.00 0.00
/Extraction 0.00 0.00 0.00 0.00 0.00 0.00
/Use of crude oil:
Uses (other than combustion) ? 10 - 300 mg Hg/t 300 mg Hg/t t oil/y 0.00 Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00

Residential heating with no controls ? 10 - 300 mg Hg/t 300 mg Hg/t t oil/y 0.00 Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00

Other oil combustion facilities y 10 - 300 mg Hg/t 300 mg Hg/t 256,000 t oil/y 76.80 Kg Hg/y
Oil Combustion Facility with no 
emissions controls 77 1 76.80 0.00 0.00 0.00 0.00 0.00

Oil Combustion Facility with PM 
control using an ESP or scrubber 0.9 0.1 0.00 0.00 0.00 0.00 0.00 0.00

/Refining y 10 - 300 mg Hg/t 300 mg Hg/t 675,000 t oil/y 202.50 Kg Hg/y 203 1 202.50 ? ? ? ? ?
Ditribution from refining is unknown. For simplicity 
100% of Hg input is considered released to air.

/Use of gasoline, diesel and other 
distillates:
Uses (other than combustion) 1 - 100 mg Hg/t 100 mg Hg/t 325,000 t oil/y 32.50 Kg Hg/y 33 1 32.50 0.00 0.00 0.00 0.00 0.00

Residential heating with no controls 1 - 100 mg Hg/t 100 mg Hg/t 234,000 t oil/y 23.40 Kg Hg/y 23 1 23.40 0.00 0.00 0.00 0.00 0.00

Other oil combustion facilities 1 - 100 mg Hg/t 100 mg Hg/t t oil/y 0.00 Kg Hg/y
Oil Combustion Facility with no 
emissions controls 1 0.00 0.00 0.00 0.00 0.00 0.00

Oil Combustion Facility with PM 
control using an ESP or scrubber 0.9 0.1 0.00 0.00 0.00 0.00 0.00 0.00

5.1.4
Natural gas - extraction, refining 
and use 2.35 0.00 0.00 15.72 0.00 1,556.28

/Extraction/refining y 2 - 200 µg Hg/Nm3 gas 200 µg Hg/Nm3 gas 7,860,000,000 Nm3 gas/y 1,572.000 Kg Hg/y 1,572 0.01 0.99 0.00 0.00 0.00 15.72 0.00 1,556.28
Sector specific treatment is: Hazardous waste 
combustion of gas condensate

/Use of raw or pre-cleaned gas ? 2 - 200 µg Hg/Nm3 gas 200 µg Hg/Nm3 gas Nm3 gas/y ? Kg Hg/y 1 ? ? ? ? ? ?
/Use of pipeline gas (consumer 
quality) y 0.03 - 0.4 µg Hg/Nm3 gas 0.4 µg Hg/Nm3 gas 5,870,000,000 Nm3 gas/y 2.3 Kg Hg/y 2 1 2.35 0.00 0.00 0.00 0.00 0.00

5.1.5
Other fossil fuels - extraction and 
use 0.00 0.00 0.00 0.00 0.00 0.00
Combustion of peat n 40 - 193 (b mg Hg/t (dry weight) 193 mg Hg/t (dry weight) t peat/y 0.00 Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00
Use of oil shale n ? ? t oil shale/y ? Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00

Combustion of other fossil fuels n 1

5.1.6
Biomass fired power and heat 
production y ? ? ? ? ? ? ? Kg Hg/y 1 ? ? ? ? ? ?

5.1.7 Geothermal power production ? ? ? ? ? ? ? Kg Hg/y 1 0.00 0.00 0.00 0.00 0.00 0.00

Notes: (a: Important: If coal wash is aplied, the Hg input to combustion is the calculated output "Products" from coal wash. For more complicated mixes, see the relevant section in the toolkit report.
(b: Based on one data set only

Calculated Hg output, Kg/yEnter output distribution factors (unitless)
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Table 9-2 Example of an Excel worksheet showing input and output data for releases to different media for category 5.5 Consumer products with intentional use of mercury. 

Spreadsheet of UNEP Chemicals' Toolkit for identification and quantification of mercury releases
Read "introduction" before starting

C Su-C Source category /phase Exists? 
(y/n/?)

Default 
input 
factor

Unit Enter input 
factor Unit

 Enter 
activity 

rate
Unit Calculat. 

Hg input Unit "Output scenario" Enter Hg 
input Unit Air Water Land General 

waste

Secto r 
specific 

treatment/di
sposal

Air Water Land General 
waste

Sector 
specific 

treatment/di
sposal

Remarks

5.5

Source category: Consumer 
products with intentional use 
of mercury

5.5.1 Thermometers with mercury 20.45 61.34 0.00 61.34 61.34 Sector specific treatment is: Recycling of mercury
/Production (a /Production (a Kg Hg/y 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Medical thermometers n 0.5-1.5 g Hg/item 1.5 g Hg/item items/y 0 Kg Hg/y Kg Hg/y
Ambient air thermom. n 2-5 g Hg/item 5 g Hg/item items/y 0 Kg Hg/y Kg Hg/y
Industrial and special th. n 5-200 g Hg/item 200 g Hg/item items/y 0 Kg Hg/y Kg Hg/y

Other glass Hg thermometers n 1-40 g Hg/item 40 g Hg/item items/y 0 Kg Hg/y Kg Hg/y
/Use+disposal: Kg Hg/y /Use+disposal: Kg Hg/y

Medical thermometers y 0.5-1.5 g Hg/item 1.5 g Hg/item 56,700 items/y 85 Kg Hg/y
(a1) No separate collection. Waste 
handl. controlled Kg Hg/y 0.1 0.3 0.6 0.00 0.00 0.00 0.00 0.00

Ambient air thermom. n 2-5 g Hg/item 5 g Hg/item items/y 0 Kg Hg/y
(a2) No separate collection. Informal 
waste handl. widespread Kg Hg/y 0.2 0.3 0.2 0.3 0.00 0.00 0.00 0.00 0.00

Industrial and special th. y 5-200 g Hg/item 200 g Hg/item 567 items/y 113 Kg Hg/y
(a3) Separate collection. Waste 
handl. controlled 204 Kg Hg/y 0.1 0.3 0.3 0.3 20.45 61.34 0.00 61.34 61.34 Sector specific treatment is: Recycling of mercury

Other glass Hg thermometers y 1-40 g Hg/item 40 g Hg/item 150 items/y 6 Kg Hg/y

5.5.2
Electrical switches and 
relays with mercury 125.00 0.00 125.00 500.00 500.00 Sector specific treatment is: Recycling of mercury
/Production n ? ? /Production ? ? ? ? ? 0.00 0.00 0.00 0.00 0.00
/Use+disposal: y 0.02-0.25 g Hg/(y*inhabitant) 0.25 g Hg/(y*inhabitant) 5,000,000 Inhabitants 1,250 Kg Hg/y /Use+disposal:

(a1) No separate collection. Waste 
handl. controlled 0.1 0.1 0.8 0.00 0.00 0.00 0.00 0.00
(a2) No separate collection. Informal 
waste handl. widespread 0.3 0.4 0.3 0.00 0.00 0.00 0.00 0.00
(a3) Separate collection. Waste 
handl. controlled 1,250 0.1 0.1 0.4 0.4 125.00 0.00 125.00 500.00 500.00 Sector specific treatment is: Recycling of mercury

5.5.3 Light sources with mercury 2.86 0.00 0.00 45.76 8.58 Sector specific treatment is: Recycling of mercury
/Production n ? ? Kg Hg/y /Production ? ? ? ? ? ? ? ? ? ?
/Use+disposal: y Kg Hg/y /Use+disposal:
Fluorescent tubes (double end)

10 - 40 mg Hg/item 40 mg Hg/item 1,200,000 items/y 48 Kg Hg/y
(a1) No separate collection. Waste 
handl. controlled 0.05 0.95 0.00 0.00 0.00 0.00 0.00

Compact fluorescent lamp (CFL 
single end) 5 - 15 mg Hg/item 15 mg Hg/item 500,000 items/y 7.5 Kg Hg/y

(a2) No separate collection. Informal 
waste handl. widespread 0.3 0.3 0.4 0.00 0.00 0.00 0.00 0.00

High pressure mercury vapour 
30 mg Hg/item 30 mg Hg/item 10,000 items/y 0.3 Kg Hg/y

(a3) Separate collection. Waste 
handl. controlled 57 0.05 0.8 0.15 2.86 0.00 0.00 45.76 8.58

High-pressure sodium lamps 10 - 30 mg Hg/item 30 mg Hg/item 30,000 items/y 0.9 Kg Hg/y
UV light for tanning 5 - 25 mg Hg/item 25 mg Hg/item 10,000 items/y 0.3 Kg Hg/y
Metal halide lamps 25 mg Hg/item 25 mg Hg/item 10,000 items/y 0.3 Kg Hg/y

5.5.4 Batteries with mercury 0.00 0.00 0.00
/Production (a n /Production (a Kg Hg/y 0.005 0.005 ? ? 0.01 0.00 0.00 0.00
Mercury oxide (all sizes); also 
called mercury-zinc cells 320 kg Hg/t batteries 320 kg Hg/t batteries t bat/y 0 Kg Hg/y
Zinc-air button cells 12 kg Hg/t batteries 12 kg Hg/t batteries t bat/y 0 Kg Hg/y
Alkaline button cells 5 kg Hg/t batteries 5 kg Hg/t batteries t bat/y 0 Kg Hg/y
Silver oxide button cells 4 kg Hg/t batteries 4 kg Hg/t batteries t bat/y 0 Kg Hg/y
Alkaline, other than  button cell 
shapes 0.25 kg Hg/t batteries 0.25 kg Hg/t batteries t bat/y 0 Kg Hg/y

Notes: (a: Note that output distribution factors should not sum up to 1 for this source or phase.

Enter output distribution factors (unitless) Calculated Hg output, Kg/y
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Table 9-3 Reported mercury inputs and outputs to all media in Denmark, 2001; metric tons mer-
cury/year. For details on estimation and uncertainties, see the questionnaire response in the 
appendixof the referenced document (ACAP, 2005). 

 New inputs to 

biosphere: 

 Reported releases/outputs to (means of ranges):        

Means and sums are rounded Range Mean Air Water Soil Mu-

nicipal 

waste 

Haz 

/Med 

waste 

Sector 

waste 

deposit *1 

Waste 

water 

system 

By-

products 

Sum, rep. 

releases 

(means) 

Mobilisation of mercury impurities    

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

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

Extraction and use of oil, gas and 

biofuels 

0.06-0.33 0.2 0.06 0.06 0.003 0.006 0 0.01 0.002 0 0.1 

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

Other primary extraction and proc-

essing of materials 

0.011-0.04 0.03 0 0 0.03 0 0 0 0 0 0.03 

Sub-sum, mobilisation of mercury 

impurities 

 1.2 0.4 0.06 0.03 0.006 0 0.2 0.002 0.4 1.1 

Intentional mercury use            

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

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

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

Manometers, blood pressure gauges 

and education 

0.013-0.049 0.03 0.04 0 0 0.04 0.3 0 0.04 NR 0.4 

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

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

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

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

Waste treatment and waste water 

systems 

           

Incineration of general/municipal 

waste 

NR NR 0.6 0 0 0 0 2.5 0 NR 3.1 

Incineration of hazardous/medical 

waste 

NR NR 0.008 0.001 0 0 NR 0 0 NR 0.009 

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

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

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

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

Sub-sum, waste treatment and 

waste water systems *2 

  0.71 0.20 0.12 0.085 0.0 5.5 0.003 0.9  

Notes:  
*1: Sector specific waste deposits, is an "other controlled deposition" category, including for example special depos-
its for coal combustion residues in some countries and industry's own deposits (subject to authorities control).  
*2: Note that doubling counting can not be ruled out in overall sums for waste treatment - depends on national prac-
tices and how data were reported in questionnaire responses. Therefore, these sums were not included in the table.  
*3: The output figures from landfills/deposits to municipal waste and hazardous/medical waste describe the distribu-
tion on these two deposit types, and not mercury being physically moved from deposits to municipal or hazardous 
wastes. 


