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1. Introduction

Atmospheric emissions of mercury (Hg) occur
during burning of fossil fuels (in particular coal)

for energy production; during the manufacture of
industrial products (such as non-ferrous metals, and
cement); and from the use of mercury in a range

of applications (including artisanal and small scale
gold mining, and dentistry) and consumer products,
and their subsequent disposal as waste. Mercury is
also emitted to the atmosphere from non-anthropo-
genic sources, including re-emissions from aquatic
and terrestrial surfaces.

A large part of these emissions are (globally)
distributed via atmospheric transport, with the result
that environmental consequences of atmospheric
mercury are observed in areas such as the Arctic, that
are far from the main anthropogenic source regions.

In order to address policy-related questions relat-
ing to mitigation of mercury pollution, including
international efforts aimed at establishing a global
agreement on mercury, information is needed on the
sources and atmospheric transport of mercury. Due
to the lack of adequate (global) measurement data,
indirect approaches such as compilation of emis-
sions data and modeling air transport are important
components in addressing some of these questions.
Consequently, effort is directed at obtaining the best
available information on anthropogenic mercury
emissions and trends, and reducing the uncertainties
associated with the resulting estimates.

2. Methodology and

Technical Data Products

The basic approaches used to re-evaluate estimates
of emissions from ‘by-product’ and “intentional-use’
emission sectors are described in Annex 1.

3. Summary of Project

Results

The 2005 global inventory of anthropogenic emis-
sions to air, described in AMAP/UNEP (2008) and
summarized in UNEP-Chemicals Branch (2008) was
the most comprehensive such inventory presented
to date. Unlike previous global inventories, which

In 2009, a project was initiated to re-evaluate the
available global inventories of anthropogenic mer-
cury emissions to air. The project was coordinated by
the Arctic Monitoring and Assessment Programme
(AMAP) Secretariat and implemented through con-
tractors at the Swedish Institute for Environmental
Research, IVL (Sweden); Norwegian Institute for Air
Research, NILU (Norway); CE/W (Belgium); and Arc-
tic Centre-University of Groningen, ACUG (Nether-
lands), based on support from Canada and Denmark.
The main products of the project — a series of updated
(and consistently constructed) emission inventories
for the years 1990, 1995, 2000 and 2005 — have been
used to develop information for inclusion in the 2010
AMAP Assessment of Mercury in the Arctic and re-
ports commissioned by UNEP in connection with the
UNEP 2009 Governing Council’s ‘Paragraph 29" deci-
sion. They have also been provided (in the form of
geo-spatially ‘gridded” datasets) to modeling groups
in Canada (Meteorological Service of Canada, MSC),
Denmark (National Environmental Research Insti-
tute, NERI) and Russia (Meteorological Synthesizing
Centre-East, MSC-E), and others, for use in mercury
atmospheric transport modeling and investigation of
source-receptor relationships, etc.

Main project results are summarised in a non-
technical form in Section 3, which also constitutes
the description of results that has been made avail-
able to the authors of the AMAP mercury assess-
ment report and to the authors of the UNEP ‘Para-
graph 29’ report.

A series of intermediate and final technical data
products have been compiled in the course of the
work — these are listed in Annex 2, which also indi-
cates the party responsible for the work and the data-
file identifier. Final data products (datasets) have
been made available to relevant modeling groups and
are available to additional groups on request.

essentially only addressed ‘by-product’ mercury
emissions from main energy production and in-
dustrial sectors, the 2005 inventory also includes
estimates of emissions associated with a number
of ‘intentional-use” sectors, including artisanal and
small scale gold production (ASGM).

The 2005 inventory was produced using a general-
ly similar approach to that employed to produce (‘by-
product’ sector) emission inventories for the nominal
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years 1990, 1995 and 2000 (Pacyna and Pacyna, 2002;
Pacyna et al., 2006; Pacyna et al. 2009; AMAP/UNEP,
2008), namely combining reported national emis-
sions for specific sectors with expert estimates for the
remaining countries for the same range of sectors.
The expert estimates were obtained using informa-
tion on production and consumption of raw materials
in relevant industries, in combination with applicable
emission factors. However, since each inventory was
produced independently, at approximately five year
intervals, the underlying source data used varied

in terms of its sources, availability and quality; and
emission factors and the assumptions regarding
technologies employed changed as knowledge was
improved.

Each of the four available global inventories has
also been geospatially distributed (gridded), again
using similar but not identical methods (see Wilson
et al., 2006; Pacyna et al., 2003; AMAP/UNEP, 2008),
and used by modelers to model transport of mercury,
and investigate source-receptor relationship, etc. (see
AMAP/UNEDP, 2008; Christensen et al., 2005; Dastoor
and Larocque, 2004; Dastoor et al., 2008; Travnikov,
2005).

The AMAP/UNEP (2008) report included a pre-
liminary discussion of the general trends in global
emissions as implied from comparing the available
1990, 1995, 2000 and 2005 inventories. However, this
discussion clearly recognized that such a comparison
would be largely invalidated by differences due to
the factors mentioned above.

Consequently, and as part of its 2010 assessment
of mercury in the Arctic, the Arctic Monitoring and
Assessment Programme (AMAP) undertook a re-
analysis of the 1990-2005 global mercury inventories
in an attempt to prepare a series of more comparable

Emissions, tonnes

historical global emission inventories. This re-analysis
employed a common methodology, a more consistent
information base for estimating certain emissions,
and updating of the earlier inventories to account

for improved knowledge gained during the process
of preparing the inventories over the 15 years or

s0. The re-analysis also involved correcting certain
questionable estimates in older inventories according
to updated information on practices and technolo-
gies, including a few apparent errors. It also involved
further revising the 2005 inventory for newly avail-
able data on regional mercury consumption that form
the basis for estimates of emissions associated with
‘intentional-use” sectors. The main results of this re-
analysis are presented below.

Revised estimates of total emissions of mercury to
air in 1990, 1995, 2000 and 2005 from ‘by-product’ and
‘intentional-use’ sectors are presented in Figure 1.
‘By-product’ sectors comprise: stationary combustion
of fossil fuels in power plants and for residential heat-
ing; pig iron and steel production; non-ferrous metal
production; cement production; mercury produc-
tion; large scale gold production; and certain ‘other’
sources. Mercury emissions from the chlor-alkali
industry are also accounted in the ‘by-product’ sector
inventory. Intentional-use sectors include artisanal
and small-scale gold mining; emissions from dental
use of mercury associated with cremations; second-
ary steel production; and waste disposal (including
waste incineration). Data presented for emissions
from “intentional-use” waste disposal sectors repre-
sent ‘conservative estimates’.

Regional trends in (combined) emissions from
‘by-product’ and ‘intentional-use” sectors for 1990,
1995, 2000 and 2005 (series 1-4, respectively) are sum-
marized in Figure 2.

2500 -
Original (by-product sector) inventory
(excluding waste incineration) Revised (total) inventory
2000 - /
Intentional-use sectors
(including waste disposal/
waste incineration)
1500
1000 - By-product sectors
(including chlor-alkai
industry)
500
0 1 1 1 1

1990 1995

2000 2005

Figure 1. Revised estimates of total global anthropogenic mercury emissions to air (tonnes) from ‘by-product’ and ‘intentional-use” emission

sectors in 1990, 1995, 2000 and 2005.
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Figure 2. Revised estimates of anthropogenic mercury emissions to air (tonnes) in 1990, 1995, 2000 and 2005 from different

continents/regions.

Revisions to the 1990, 1995 and 2000 inventories
resulted in significant reductions in total ‘by-prod-
uct’ sector emission estimates compared to previ-
ously published (Pacyna and Pacyna, 2002; Pacyna
and Pacyna, 2005; Pacyna et al., 2006; Pacyna et al.
2008) estimates (see Figure 1 and Table 1, Line 5).

Newly compiled information on consumption
and use of mercury allowed new inventories for
emissions from ‘intentional-use’ sectors to be pre-
pared for 1990, 1995 and 2000, and also changed the
patterns (i.e. relative distribution of emissions from
different sectors), and to a lesser extent the magni-
tude of “intentional-use” sector emissions in 2005.

Differences between the revised (updated)
inventories produced during this project and previ-
ously published inventories are detailed in Table 1,
below.

Analysis of Changes in By-Product
emissions

The differences in the revised estimates for the ‘by-
product’ sector emissions (Table 1, row 5.) exceed
the reported uncertainties associated with these
estimates (which vary from ca. +/- 20 to 40% for the
main industrial sectors, depending on the region).
On closer examination, the explanations for the dif-
ferences are associated with a relatively few specific
emission estimates, as listed below:

* South African gold production emission esti-
mates were revised down by 169.2 tonnes in
each of 1990, 1995 and 2000 due to new national
information received during compilation of the
2005 inventory on the technology employed in
this activity.

Table 1. Differences between the originally-published global inventories of anthropogenic mercury emissions to air - and the revised

inventories for 1990, 1995, 2000 and 2005.

1990 1995 2000 2005
1. Original ‘by-product’ sector inventory 1731.8 22133 2189.6 1483.2
2. Waste incineration component of original inventory 139.0 51.6 60.8 35.0
3. Original ‘by-product’ sector inventory excl. waste incineration 1592.8 2161.7 2128.8 14482
4. Revised ‘by-product’ sector inventory 1317.5 1276.7 1316.3 14482
5. Difference (3. minus 4.) -275.3 -885.0 -812.5 0.0
6. Original “intentional-use’ sector inventory Not available Not available Not available 4425
7. Revised ‘intentional-use” sector inventory 649.8 537.3 502.3 4724
8. Difference (6. minus 7.) - - - 29.9
9. Original total inventory 1731.8* 2214.0* 2189.8* 1925.7
10. Revised total inventory 1967.3 1813.9 1818.6 1920.6
11. Difference (9. minus 10.) 235.5 -400.0 -371.2 5.1

*by-product sectors only (plus waste incineration for Europe (EU countries), USA and Canada)
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e South African stationary combustion emission
estimates were revised down by 29.8, 48.5 and
52.3 tonnes in 1990, 1995 and 2000, respectively,
according to new information received during
compilation of the 2005 inventory.

e Emissions associated with stationary combus-
tion in Zaire (Dem. Republic of Congo) in 1995
and 2000 were removed from the inventories in
favour of alternative estimates prepared for the
Dem. Republic of Congo; the original estimates
of 90 tonnes of emissions in 1995 and 2000
likely incorporated units errors in the original
reporting.

¢ Use of revised coal consumption data for China
resulted in reduced emission estimates for this

country-sector of 247.3 and 90.6 tonnes in 1995
and 2000, respectively.

e Use of revised coal consumption data for Aus-
tralia resulted in reduced emission estimates
for this country-sector of 84.4 and 93.9 tonnes in
1995 and 2000, respectively.

® Major revisions affecting the 1990 inventory
included a reduction of 41.6 tonnes of emissions
from stationary combustion sources in the for-
mer Soviet Union (following the development
of independent estimates for Russia and other
FSU countries), and an increase in the stationary
combustion emissions estimate for India of 26.8
tonnes (due to use of revised coal consumption
data). Finally, the 1990 inventory included an
estimated emission of 118.1 tonnes from the
USA associated with waste incineration, which
was revised down to 63.2 tonnes in the (con-
servative) estimates of the new intentional-use
sector inventory.

These revisions to the estimates for South Africa
(gold production and stationary combustion),
China (stationary combustion), Australia (station-
ary combustion), Dem. Republic of Congo (station-
ary combustion), Russia (stationary combustion)
and USA (waste incineration) include the five larg-
est changes in any given inventory for estimates for
particular sectors for individual countries. Taken
together, the five largest changes in any given
inventory account for at least 95% of the changes in
the total inventories for 1990, 1995 and 2000. With
some exceptions, generally where countries had
provided new information on timing of phase-out
of mercury-emitting processes, revised estimates
for other country-sector emissions associated
with use of revised consumption/production data
fell within the quoted ranges for uncertainties. It
should be noted that no attempt was made to de-
rive new emissions factors for specific ‘by-product’
sectors over time. The emission factors used when
producing the 2005 global emissions inventory (Pa-

cyna et al., 2008) were applied to all ‘by-product’
sector estimates that were subject to revision. Up-
dated emissions factors were employed in revision
of the 2005 estimates associated with ‘intentional-
use’ sectors.

Analysis of changes in Intentional-
Use Emissions

Considering the ‘intentional-use’ sector emissions,
previously published inventories (for 1990, 1995
and 2000) only included information on emissions
resulting from incineration of waste, and then only
for some European countries, Canada and the USA.
In the revised global inventory estimates, it was
decided to use the ‘waste disposal” emission esti-
mates (which include a separate specification of
estimated emissions from waste incineration and
from other waste disposal methods, such as land-
fill) from the newly constructed ‘intentional-use’
inventory for all countries. This is different from
the method employed in the AMAP/UNEP 2008
presentation of the 2005 inventory, where the ‘by-
product’ inventory emissions for waste incineration
for European countries, Canada and the USA were
used rather than the equivalent estimates from the
‘intentional-use’ inventory compilation.
Comparing the (conservative) waste incinera-
tion emission estimates from the ‘intentional-use’
inventory with those derived from the ‘by-product’
inventory showed generally good agreement, and
well within the large uncertainties associated with
these emissions. The new data compilations for
‘intentional-use’ sector emissions in 1990, 1995,
2000, 2005 also include upper-range estimates for
the waste and scrap sectors of 572, 443, 324, and 232
tonnes, respectively. These can be compared with
the conservative estimates of 419, 286, 199 and 122
tonnes, respectively, which are used in the revised
global emissions inventories presented above.

Geospatial Distribution of Revised
Emissions Inventories

The newly constructed emissions inventories for
1990, 1995, 2000 and 2005 represent a more consis-
tent set of global inventories of mercury emissions

to air than those previously available, in terms of the
underlying data and the methods used to produce
and compile estimates of emissions for the various
countries and source sectors concerned. The emission
factors used in preparing the 2005 inventory (AMAP/
UNEDP, 2008) were applied to updated statistical data
on production and consumption of raw materials
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and products to generate new emission estimates.
The revised global emission inventories have also
been geospatially distributed (to a 0.5 by 0.5 degree
latitude/longitude grid) using a consistent approach.
Accounting for changes in point source emis-
sions (and more importantly for changes in avail-
ability of information concerning these over the past
20 years) was outside the scope of the work and
resources available for the re-analysis of the histori-
cal global inventories. In practice, therefore, the ap-
proach to geospatially distribute emissions involved
use of a series of ‘surrogate’ data distributions that
reflect the geospatial distributions for the sectors
concerned. The ‘surrogate distributions” used were
those employed in work on the 2005 inventory as
reported in Pacyna et al. (2008). Available informa-
tion on emissions from specific point sources (that
was used in previous geospatial distribution of the
2000 and 2005 inventories in particular, to more ac-
curately locate a part of the emissions) was therefore
ignored. While this implies a somewhat less precise
geospatial distribution of emissions, this will mainly
influence the emissions distributions at the more
local scale, especially those from Europe and North
America in 2000 and 2005 (for which data on major
point sources are available). The distribution of

emissions in other regions, where point source infor-
mation is relatively sparse, will be unaffected, and,
at the global scale, the pattern of emissions distribu-
tions is essentially the same as when point source
information is employed.
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Annex 1. Methodology

(1) By-product sector emissions
estimates

Estimated emissions from 10 major source sectors in
each of the inventories (1990, 1995, 2000 and 2005)
were tabulated on a country-by-country basis. The
sectors concerned included:

- Stationary combustion of fossil fuels in large
power plants

- Stationary combustion of fossil fuels for residen-
tial heating

- Non-ferrous metal production (Cu, Zn, Pb;
primarily in large smelting facilities)

- Production of gold (in large scale facilities)

- Production of mercury

- Pigiron and steel production

- Cement production

- Chlor-alkai industry (caustic soda production)

- Waste incineration (primarily USA, Canada, and
Western European countries)

- Other (undefined sector emissions)

Temporal trends in emissions for each country-
sector combination were then examined to identify
significant changes (on either a relative or absolute
basis) in the magnitude of the emissions between
consecutive inventory periods. Where such signifi-
cant ‘changes’ occurred, these were then further
considered in relation to possible “valid” explana-
tions for changes in emissions over a 5-year period.
These could include:

- Possible introduction of technology, including
emissions control technology that could lead to
changes in emission factors accounting for the
observed differences in emissions over time.

- Possible changes in reporting/registration of
emissions in the different inventory periods, for
example, as a result of improvements in na-
tional data reporting over time. Examples might
include categorization of the (national) emis-
sions estimate from a particular sector under the
‘other’ category in one period and under the ap-
propriately defined sector category in the next.

- Possible changes in reporting/compilation of
data as a result of changes in (national) jurisdic-
tion, including, for example the break-up of the
former Soviet Union and Yugoslavia, reorganiza-
tion and emergence of new countries in Africa,
return of Hong Kong to Chinese jurisdiction, and
in some cases simply renaming of countries.

Table A. References to statistical data used to derived revised
emissions estimates.

Source sector Reference to statistical data used

Stationary EIA data on coal consumption
combustion http://www.eia.doe.gov/iea/coal html
UN Energy statistics database on crude
petroleum consumption.
http://data.un.org/Browse.aspx?d=EDATA
Cement USGS data on cement production
production

http://minerals.usgs.gov/minerals/pubs/mcs/

UN database on industrial commodities,
data on caustic soda production

Caustic soda
production

http://data.un.org/Browse.aspx?d=ICS

Non-ferrous
metals production

USGS data on copper, zinc and lead
production

http://minerals.usgs.gov/minerals/pubs/mcs/

Large scale gold
production

USGS data on gold production

http://minerals.usgs.gov/minerals/pubs/mcs/

Pig iron and steel
production

USGS data on iron and steel production

http://minerals.usgs.gov/minerals/pubs/mcs/

Note: If data was available for several commodities within a source sector (e.g. both
coal and crude petroleum consumption), emission estimates were calculated by using
the relative difference in consumption as well as the source specific emission factor. In
cases where time series data were missing, the consumption was checked against the
trend data and generally assumed to be the same as the latest available inventory or
reference year.

Where ‘reasonable’ explanations for large differ-
ence between country-sector emissions over a 5-year
period could not be inferred, the statistical data

on which emissions estimates are based were re-
evaluated. This also involved the utilization of more
consistent sources of primary statistical data to de-
rive the estimates of emissions for different years (as
detailed in Table A). As a result, changes were made
to some country-sector emissions estimates based on
the availability of new or revised statistical data on,
e.g., consumption or production of raw materials.

In other cases, even where ‘valid” explanations
for apparent major changes in emissions were iden-
tified, the datasets were revised as far as possible to
make them consistent between years, for example
where improved data allowed an appropriate re-
classification of emissions from the ‘other’ category
to more appropriate sectors, or from one country to
another to reflect changes in jurisdiction.

Finally, a number of revisions were made on the
basis of information received during the prepara-
tion of the 2005 emission inventory that also affected
inventories for earlier years.

(2) By-product sector emissions
estimates

The methodology employed to derive revised
estimates for ‘intentional-use” sector emissions was
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essentially that described in AMAP/UNEP (2008)
and used to produce the estimates for these sectors
included in the original 2005 global emissions inven-
tory. The developments under this project relate to
(a) the availability of data on consumption and use
of mercury in 1990, 1995 and 2000, which allowed
estimates of intentional-use sector emissions to be
derived for these years for the first time, and (b) the
availability of updated information on consumption
and use of mercury in 2005 which led to revisions to
the previously published estimates of intentional-use
sector emissions for 2005.

Global mercury consumption

Global mercury consumption data used to produce
estimates of emissions for ‘intentional-use” sectors are
tabulated below (Table B). Consumption data for var-
ious component products and processes are detailed
in subsequent tables. Note: For purposes of calculat-
ing product related emissions, mercury ‘consump-
tion’ is defined here in terms of regional consumption
of mercury products. For example, although most
measuring and control devices are produced in
China, many of them are exported, ‘consumed’ and
disposed of in other countries. Furthermore, some

of the mercury ‘consumed’ each year is recycled or
otherwise recovered and returned to commercial use.

Emissions from artisanal and small-scale
gold mining

Updated estimates of national consumption of
mercury in ASGM were derived from the regional
estimates tabulated below (Table C). Regional
estimates were distributed between countries in a
similar manner to that employed in the develop-

ment of the 2005 inventory (AMAP/UNEP, 2008),
i.e. based on the work of Telmer and Veiga (2008).
The total estimated mercury emissions from ASGM
for 2005 (ca. 325 tonnes) were slightly lower than
those reported in the original 2005 inventory (ca.
350 tonnes) due to the revised mercury consump-
tion data used. For most countries the differences
were small to moderate, but more pronounced for
countries like China with significant emissions
from ASGM. The difference between the total con-
sumption of mercury in ASGM activities and the
amount emitted to air is accounted for by releases
to aquatic systems, and recovery and re-use, etc.
National consumption estimates for 1990, 1995 and
2000 were scaled to the 2005 distribution.

Emissions from cremation sources (use of
mercury in dental amalgam)

The original 2005 inventory estimates for this
source (published in AMAP/UNEP, 2008) were cal-
culated by multiplying the number of cremations
(obtained from Cremation Society of Great Britain:
http://www.srgw.demon.co.uk/CremSoc5/Stats/
Interntl/2006/StatsIF.html) by an average emissions
of 2-5 g per cremation (European value). Emissions
from countries outside Europe were estimated in
the same way as for Europe, but the results were
scaled to the national consumption of mercury for
dental purposes provided by Peter Maxson.

In preparation of the historical emissions inven-
tories, a slightly more consistent method was used
involving two different approaches:

1. Estimating emissions for all regions using the
default value for Hg per cremation from the
UNEP Toolkit (1-4 g Hg /cremation, average 2.5)
and number of cremations in each region. This

Table B. Global Mercury Consumption 1990-2005: All products and processes

Region 1990 1995 2000 2005
East and Southeast Asia 1330 1550 1732 1874
South Asia 574 462 322 190
European Union (25 countries) 1803 1118 642 458
CIS and other European countries 600 469 360 236
Middle Eastern States 214 210 173 114
North Africa 95 85 59 37

Sub-Saharan Africa 136 134 135 139
North America (excl. Mexico) 1333 705 434 332
Central America and the Caribbean 178 162 123 85

South America 493 444 406 369
Australia New Zealand and Oceania 45 36 26 22

TOTAL 6801 5375 4412 3853
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Table C. Global Mercury Consumption 1990-2005: Artisanal and small-scale gold mining (ASGM)

Region 1990 1995 2000 2005
East and Southeast Asia 300 360 450 516
South Asia 2 4 6 8
European Union (25 countries) 3 3 4 5
CIS and other European countries 25 28 31 33
Middle Eastern States 1 1 2 2
North Africa 3 4 5 6
Sub-Saharan Africa 50 60 80 100
North America (excl. Mexico) 20 12 6 3
Central America and the Caribbean 10 14 18 23
South America 180 160 190 227
Australia New Zealand and Oceania 2 2 3 3
TOTAL 596 648 795 925

is straightforward but relies on the (unlikely)
assumption that the Hg emitted per cremation
is constant globally. Using an average emission
factor of 2.5 g/cremation yields an upper limit
(global) emission estimate of about 37 tonnes.

2. Calculating an emission factor for Europe based
on the average 2.5 g per cremation divided by
the total consumption of dental amalgam in
Europe (95 tonnes). The resulting emission fac-
tor is 0.0398 g Hg emitted per g dental Hg used.
Emissions from regions outside Europe are then
estimated by multiplying their consumption of
dental Hg with this emission factor. This may
result in an underestimate of the emission if it
is assumed that crematories in Europe are (to a
greater extent) equipped with emissions con-
trol technology. The results obtained using this
method (global emissions of about 12 tonnes)
are thus considered a lower limit estimate.

A ‘best estimate” was derived for 2005 by averag-

ing the results obtained using the two different ap-
proaches described above. This yields an estimate of
global emissions of about 27 tonnes. On a global basis
this revised total does not differ greatly from that pre-
viously reported, however this approach did result

in changes in emissions for some regions compared
with the original 2005 inventory estimates.

Emissions estimates for 1990, 1995 and 2000 were
obtained by scaling to consumption values (in the Ta-
ble D, below) for these years, thus adopting the (not
unreasonable) assumption that cremation sources
have changed little over the period 1990-2005.

It should be noted that the estimates only repre-
sent emissions from dental use following cremations
and do not include emissions during manufacture
or handling of dental amalgam. Emissions from
these latter activities can be substantial, and are
sometimes reported in national emissions data
(and for some countries may be included under the

Table D. Global Mercury Consumption 1990-2005: Dental amalgam

Region 1990 1995 2000 2005
East and Southeast Asia 55 60 65 70
South Asia 13 15 20 25
European Union (25 countries) 90 105 105 95
CIS and other European countries 20 20 15 11
Middle Eastern States 18 20 20 17
North Africa 3 4 5 5
Sub-Saharan Africa 4 5 6 6
North America (excl. Mexico) 55 48 38 36
Central America and the Caribbean 14 16 18 18
South America 25 30 35 35
Australia New Zealand and Oceania 5 5 4 4
TOTAL 302 328 331 321
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‘other’ category in the by-product emissions com-
pilations). Uncertainties regarding which countries
actually report these emissions and lack of sufficient
information on production prevents the prepara-
tion of global estimates for these other categories of
emissions related to mercury use in dentistry.

Emissions from product-use, waste
incineration, waste disposal and scrap
recycling for secondary steel production

Estimates of emissions from mercury in products and
their subsequent fate (including breakage, recycling,
and disposal or incineration as waste) were produced
in a similar manner to that employed in the develop-
ment of the 2005 inventory (AMAP/UNEP, 2008),
based on the consumption data presented in Tables
E to H, below. Note: emissions of mercury due to its
use in the chlor-alkali industry were not produced
as these are addressed under the by-product sector
inventory activities; similarly, emissions of mercury
from its use in VCM and acetaldehyde processes were
not estimated due to the large uncertainties associated
with mercury consumption and resulting emissions
from this use (see discussions in AMAP/UNEP, 2008).
The revised consumption data presented in the
tables below resulted in some differences between
the updated 2005 estimates and those reported in
the 2005 inventory presented in AMAP/UNEP, 2008.
Emissions estimates for 1990, 1995 and 2000 were
derived by scaling the 2005 estimates to the consump-
tion data for other years.

The updated information on consumption and
use also included improved information on waste
handling practices in different regions/countries,
and the proportions of waste entering different
components of the waste stream. The updated
inventories therefore include separate estimation of
emissions from from waste incineration and other
waste disposal (principally land-fill in controlled or
open land-fill sites).

The method of estimating emissions from prod-
uct use is based on a simple material flow analysis
approach. In this approach, the mercury consumed
annually in a product category is assumed to be
distributed among several compartments, e.g.,
continued use, waste landfill, waste incineration,
steel scrap smelters or recycling, using distribution
factors. From each of these compartments, emissions
of mercury are estimated using emission factors,
the size of which varies depending on the nature of
the compartment; e.g., in waste incineration a large
fraction of the mercury is emitted to air, whereas for
continued use the emissions are very low. In many
cases, the uncertainties in both distribution factors
and emission factors are large and very little data is
available for corroboration of the assumptions. In a
few cases, such as emissions from waste incineration
(where the mercury can be assumed to originate
from products, i.e., intentional use) a comparison be-
tween nationally reported emissions data and emis-
sions estimated using the material flow approach is
possible, and have shown that these estimates are
within a reasonable range.

Table E. Global Mercury Consumption

1990-2005: Batteries Lamps

Region 1990 1995 2000 2005 1990 1995 2000 2005
East and Southeast Asia 350 400 350 240 35 40 42 42
South Asia 150 130 90 33 9 10 11 12
European Union (25 countries) 400 200 60 28 40 40 23 20
CIS and other European countries 100 90 60 10 7 7 8 8
Middle Eastern States 60 50 30 7 5 5 6 6
North Africa 20 13 7 3 1 1 2 2
Sub-Saharan Africa 40 30 15 5 3 3 4 4
North America (excl. Mexico) 450 110 30 14 41 45 20 17
Central America and the Caribbean 60 50 30 5 3 3 4 4
South America 80 80 60 20 6 7 8 8
Australia New Zealand and Oceania 10 6 4 3 2 2 2 2
TOTAL 1720 1159 736 365 152 163 130 122
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Table F. Global Mercury Consumption
1990-2005:

Measuring devices

Electrical and electronic switches and relays

Region 1990 1995 2000 2005 1990 1995 2000 2005
East and Southeast Asia 140 160 150 129 60 70 70 61
South Asia 50 60 55 36 25 30 25 17
European Union (25 countries) 130 80 50 18 80 60 20 4
CIS and other European countries 40 40 30 24 15 18 14 11
Middle Eastern States 25 25 20 17 11 13 10 8
North Africa 7 8 7 6 3 4 4 4
Sub-Saharan Africa 15 15 14 12 7 8 7 6
North America (excl. Mexico) 125 72 48 45 77 88 72 60
Central America and the Caribbean 25 25 18 13 11 12 9 6
South America 40 40 30 24 15 18 14 12
Australia New Zealand and Oceania 7 7 6 6 5 4 4 3
TOTAL 604 532 428 328 309 325 249 189

Table G. Global Mercury Consumption
1990-2005:

VCM and acetaldehyde processes

Mercury cell chlor-alkali process*

Region 1990 1995 2000 2005 1990 1995 2000 2005
East and Southeast Asia 200 300 500 750 25 20 10 6
South Asia 0 0 0 0 250 150 75 38
European Union (25 countries) 30 10 0 0 750 450 250 178
CIS and other European countries 40 30 30 20 300 200 150 105
Middle Eastern States 0 0 0 0 70 80 75 53
North Africa 0 0 0 0 50 45 25 9
Sub-Saharan Africa 0 0 0 0 3 3 2 1
North America (excl. Mexico) 15 0 0 0 280 190 110 75
Central America and the Caribbean 0 0 0 0 30 25 15 10
South America 0 0 0 0 100 80 50 30
Australia New Zealand and Oceania 0 0 0 0 6 5 0 0
TOTAL 285 340 530 770 1864 1248 762 504

* Although an intentional-use, emissions from this sector are estimated as part of the by-product inventory data compilations

Table H. Global Mercury Consumption
1990-2005:

Compounds and other applications

Region 1990 1995 2000 2005
East and Southeast Asia 165 140 95 60
South Asia 75 63 40 23
European Union (25 countries) 280 170 130 113
CIS and other European countries 53 36 22 14
Middle Eastern States 24 16 10 7
North Africa 8 6 4 3
Sub-Saharan Africa 14 10 7 5
North America (excl. Mexico) 270 140 110 83
Central America and the Caribbean 25 17 11 8
South America 47 29 19 14
Australia New Zealand and Oceania 8 5 3 3
TOTAL 969 632 451 330
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Annex 2. Datasets compiled under the project

Dataset

Produced by

Filename reference

Compilation of information on consumption
and use of mercury in ‘intentional-use’ sectors,
1990-2005

CE/W (Peter Maxson)

peter maxson - historic mercury consumption 1990-
2005.xIsx

Estimates of mercury emissions from
intentional use — artisanal and small scale gold
mining (ASGM), 1990-2005

IVL (John Munthe, Karin Kindbom)

asg for john to check 29122009.xls

Estimates of mercury emissions from
intentional use — dental use following
cremations, 1990-2005

IVL (John Munthe, Karin Kindbom)

crematories new estimates 2010-01-06.x1s

new estimates of mercury emissions from cremation.doc

Estimates of mercury emissions from
intentional use — waste incineration, waste
disposal, recycling and secondary steel, 1990-
2005

IVL (John Munthe, Karin Kindbom)

waste and scrap for John to check.xls

Revised estimates of mercury ‘by-product’
emissions from energy production and
industrial sectors

NILU (Kyrre Sundseth, Jozef
Pacyna); AMAP Secretariat (Simon
Wilson)

inventories january 2010.xls

Compiled estimates of mercury emissions from
‘intentional-use’ sectors

IVL (John Munthe, Karin
Kindbom); AMAP Secretariat
(Simon Wilson)

historical mercury update - revised intentional use
datasets .xls

Compiled estimates of mercury emissions from
combined ‘intentional-use’ and “by-product’
sectors

AMAP Secretariat (Simon Wilson)

final dataset.xls

Gridded global emission datasets for 1990, 1995,
2000 and 2005

ACUG (Frits Steenhuisen); AMAP
Secretariat (Simon Wilson)

1990_V6_historical_em_ALL_sectors.dat
1995_V6_historical_em_ALL_sectors.dat
2000_V6_historical_em_ALL_sectors.dat
2005_V6_historical_em_ALL_sectors.dat
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