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allocate their emissions to the corresponding cell in the GEIA 1 o x 1 o 
grid at the appropriate vertical level (above and below 100 m). Grid 
cells with elevated releases were identified as locations of major point 
sources; these cells were then associated with individual countries 
[RandMcNally, 1993]. The CORINAIR SO2 emissions from coal- 
burning power plants were used as the surrogate to allocate country 
HC1 and CH3C1 emissions. 
5.1.3. United States. The data for the United States included power 
plant information, furl type, and generating capacity. HCI and CH3C1 
emissions were distributed among the coal-fired power plants using 
generating capacity as the surrogate. 
5.1.4. Asia. The data for Asia included power plant name, province, 
and country but did not include any appropriate surrogate to coal 
consumption. For these countries, HC1 and CH3C1 emissions have 
been distributed uniformly among all the power plants listed. While 
this introduces some error by treating all power plants within a 
country as equal and assuming that all power plants listed are coal 
fired, it will not affect a country's total HC1 or CH3C1 emissions but 
rather just the distribution of those emissions within an individual 
country and is preferable to distributing the power and heat 
generation emissions by population. 
5.1.5. Emissions from residential and commercial activities. The 

quantities of coal burned in residential and commercial fires is a 
simple function of population. The population distribution sometimes 
follows the distribution of industrial activity, although the link is less 
distinct in mixed industrial economies that do not rely exclusively on 
heavy industries. Tremolada et al. [1996] found that the spatial 
distribution of the deposition of polycyclic aromatic hydrocarbon 
(PAH) combustion products in the United Kingdom was linked to 
population density. Although coal combustion is by no means the sole 
source of PAHs, this study establishes a connection between 
population and combustion emissions. Therefore the emissions of 
HC1 and chloromethane from coal combustion in the residential and 

commercial categories, from industrial processes burning coal, and 
from coal-fired utilities (in nations where the actual locations of the 
power plants was not known) were distributed as described by 
McCulloch et al. [this issue], using the population density grid of Li 
[1996]. 

5.2. Chloromethane From Industrial Activities 

5.2.1. National emissions and development of an emission 
function. Chloromethane is a widely used industrial chemical, 
predominantly as a feedstock for the manufacture of other materials. 
Approximately 80% of chloromethane production is converted into 
methyl chlorosilanes from which silicone fluid, elastomers, and resins 
are manufactured. Chloromethane is also converted into cellulose 

ethers and quaternary ammonium compounds, and in some 
countries, it is still used to make the gasoline antiknock additive, 
tetramethyl lead [Linak and Yau, 1995]. From all of the foregoing 
uses, emissions are adventitious and minor. However, when 
chloromethane is used as a solvent, as in the production of some 
butyl elastomers, significant quantities may be lost to atmosphere and 
can be an important point source [National Pollutant Release 
Inventory (NPRI), 1995]. 

Itwas estimated that in 1990, some 251,000 Mg were used in the 
United States, comparable figures were 3000 Mg in Mexico, 1500 
Mg in South Korea, 252,000 Mg in western Europe and 97,000 in 
Japan [Linak and Yau, 1995]. There are no data for the centrally 
planned economies of Europe and Asia, and in this work, it has been 
presumed that this indicated no use there. 

Emissions from U.S. sources are recorded in the Toxics Release 

Inventory (TRI) [USEPA, 1994]. For this, enterprises in the United 
States employing more than 10 people are required to report their 
emissions of pollutants, inter alia chloromethane. Those manufactur- 

ing or processing less than 25,000 lbs/yr or otherwise using less than 
10,000 lbs/yr are exempt. However, chloromethane is used in 
generally large-scale chemical manufacturing processes, and so it is 
reasonable to assume that the TRI captures most, if not all, of the 
releases. These values were then used to develop an emission 
function of 1.44 x 10 '2 g emitted/g used, based on the total quantity 
recorded in the TRI and the estimate for the U.S. use of chlorometh- 
ane. 

5.2.2. Distribution of industrial emissions. The industrial 

emissions are described in terms of mass of chloromethane; all were 
distributed as point sources and, when placed in the 1 o x 10 grid, were 
converted into the equivalent chlorine emission. In the United States 
and Canada, distribution was done directly from the regulatory 
databases: 3600 Mg U.S. emissions were distributed as in TRI 
[USEPA, 1994], and the 1100 Mg emitted from a single point source 
in Canada was assigned as in NPRI [ 1995]. In Europe and Japan the 
distribution of producers' facilities, as recorded by Linak and Yau 
[1995], was used as a surrogate for consumers. The rationale for this 
is that since chloromethane is used in large-scale chemical produc- 
tion, the likelihood is that production and consumption facilities will 
be in the same 1 o x 1 o grid square. Thus the 3600 Mg of European 
chloromethane emissions were distributed 20% from two locations 

in France, 45% from five locations in Germany, 2% from one 
location in Italy, 5% from one in Spain, 1% from one in Switzerland 
and 28% from two in the United Kingdom. Similarly, the 1400 Mg 
of Japanese emissions were distributed over seven localities coveting 
six grid squares. Mexican (43 Mg) and South Korean (21 Mg) 
emissions were placed in single grid squares. The combined total 
of industrial process emissions, expressed as chlorine, amounts to 7 
Gg in 1990. 

6. Results and Discussion 

For some 15 of the nations listed in Table 1, data for HC1 
emissions from coal combustion are also listed in the work of 

Lightowlets and Cape [1988] (with additional information from 
Sloss [1992]). They comprise some 22% of the global HC1 emission 
from this source. These referenced data and the equivalent values 
developed in this work were shown to be not significantly different 
(using Student's paired t-statistic). The same is true for the HC1 
emissions from waste burning, although in this instance there are 14 
countries in the data sets, coveting 9% of global emissions from this 
source. For both coal and waste combustion the average of the 
literature values was a little larger than that of those developed in 
this work, but the difference was not statistically significant. 

In section 2.2. on verification above we showed that the coal 

combustion database developed here gave results consistent with 
other databases, so consistency of chlorine emissions as hydrogen 
chloride between subsets of the databases is to be expected. However, 
the waste combustion databases were constructed in wholly different 
ways, the referenced data being based on national statistics (built 
from the bottom up) rather than by subdivision of a global total, as in 
this work. The fact that the data sets are consistent for Europe and 
Japan indicates not only that these techniques converge but also that 
the global fraction of the total release from Europe and Japan 
calculated in this work is of the fight size. This builds confidence that 
it is valid to base emissions of HC1 and chloromethane from waste 

burning on population statistics. 
The distributions of hydrogen chloride and chloromethane from 

all industrial sources, expressed as chlorine, are shown in Plates 1 and 
2. Clearly, emissions of both compounds from industrial activity and 
waste combustion are features of the Northern Hemisphere but not 
just the industrially developed regions; Asian developing countries 
also have significant emissions. Because of the factors controlling 
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Plate 1. Global distribution of emissions of hydrogen chloride during 1990 from coal and waste combustion, 
expressed as equivalent chlorine emission per square meter. 
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Plate 2. Global distribution of emissions ofchloromethane from coal and waste combustion and industrial processes, 
expressed as equivalent chlorine emission per square meter 
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releases being both industrial activity and population density, the 
emissions in these regions arise from a combination of point sources 
and a high background. By contrast, those southern hemispherical 
emissions, which are significant, are from point sources. This is made 
the more obvious by our decision not to assign waste combustion 
emissions to those countries that did not have emissions from coal 

burning, so much of Africa remains blank. The releases here are at 
the bottom of the scale and are not shown. 

The HC1 emissions for 1990 distributed as in Plate 1 total some 

6.6 + 6.2 Tg, 4.6 + 4.3 Tg from all forms of coal combustion, and 2 
+ 1.9 Tg from waste burning. The relatively large, 1 o, uncertainty 
in the coal release is due to the variability of the chlorine content. It 
is not possible to formalize uncertainty in the same way for waste 
ineineration, and it is likely to be at least as large as that for coal. 
These emissions are anthropogenic and are, with the exception 
of trash burning, industrial; they contribute about 10% of the global 
soume strength shown by Keene et al. [this issue]. They are distinct 
from the emissions that fall within the broader definition of 

anthropogenic, which include HC1 liberated from sea-salt aerosol 
by aeidifieation due to anthropogenic SO2 and NOx releases into the 
atmosphere. 

Chloromethane emissions distributed as in Plate 2 total some 

107 ñ 93 Gg (as chlorine), most of which (100 Gg) arises from 
combustion. The rest is due to losses from industrial manufacturing 
processes that use ehloromethane. As was the ease with HC1, the 
uncertainty arises from variability in the chlorine content of coals. 
These industrial anthropogenic emissions are a minor component, 
less than 4%, of the global flux of 2.8 Tg yr -1 estimated from the 
known sinks by Keene et al. [this issue]. Although the anthropogenic 
emissions of neither compound are important for the global flux, 
anthropogenic HC1 in particular could influence atmospheric 
chemistry locally in regions remote from the influence of oceanic air. 
This is particularly true in central Asia where only northerly 
airstreams are free of the immediate influence of industrial activity. 

7. Access to Data 

The inventory grids generated from this work are available on- 
line from the OEIA website at 

http://groundhog.sprl.umieh.edu/geia/reei. It is planned to update 
these inventories as new information becomes available. 
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