























The levels of mercury found in terrestrial environments are usually not sufficiently high to pose
a direct threat to the health of wildlife or humans. However, in aquatic environments,
methylmercury contamination of fish and marine mammals is much greater and does pose a
serious health risk. In addition to human health effects, many piscivorous species of fish and
wildlife are at risk of mercury poisoning.

The human toxicology of mercury has been well understood for some time. Mercury exposure
can lead to serious negative human health effects, the most severe involving the development
and functioning of the central nervous system (Grandjean et al., 1997).

B.3 Mercury Uses and Environmental Releases

Mercury use worldwide peaked in the 1970s, and has been declining ever since. In the United
States and Europe, governments have banned the use of mercury in a number of products and
placed strict disposal restrictions on products containing mercury. As a result of these actions,
mercury is no longer used as a fungicide in paint and it has been all but eliminated from batteries
manufactured in these countries. Figure B-2 illustrates the significant reductions in the use of
mercury in consumable products in the United States. Mercury use in pesticides has also been
reduced significantly as a result of stricter regulations. Changes to smelting technology have
dramatically reduced mercury emissions in Canada.

Figure B.2 U.S. Industrial Mercury Consumption (1975-1997)

Large mercury reductions in Ontario have occurred due to declines in use of mercury-containing
products (e.g. certain paints) and closures to mercury cell chlor-alkali plants. In Ontario, two
sectors remain as the largest sources of airborne mercury emissions, waste incineration (hospital,
hazardous and municipal) and coal-fired power plants. Ontario guidelines for mercury
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emissions from medical and municipal incinerators are expected to reduce emissions by 90
percent.

B.4 Mercury Transport and Deposition

Mercury is a global pollutant. Like other global pollutants, emission sources from around the
world contribute to a global pool. Mercury, unlike other global pollutants such as CO, or CFCs,
does not result in global system-scale impacts. Instead, mercury causes local-level impacts via
mercury deposition, methylation, and biomagnification. Exposure is due to the combined effect
of local and global emissions. For this reason, assigning the proportion of local damages
attributable to local emission sources is greatly complicated. Much uncertainty exists around the
proportion of the atmospheric mercury deposited in Ontario that is attributable to local sources.
However, reductions in Ontario emissions would likely lead to proportional local improvements.

B.5 Coal-fired Generation Emissions

With significant reductions from most other sectors, CFG facilities are now the largest source of
airborne mercury emissions in Ontario (and North America), contributing approximately 39
percent of Ontario’s mercury air emissions. Furthermore, CFG facilities are the only sector in
North America where mercury emissions are on the rise; this tend is due to increases in coal
consumption.

The following series of maps (Figure B-3) suggests a likely connection between CFG-related
mercury emissions and elevated environmental exposure. The data suggest that similar to acid
rain, mercury deposition is concentrated in southern Ontario, southern Quebec and the
Maritimes, and in the midwestern and northeastern states.

Several recent studies have shown that local mercury controls have led to environmental
improvements. The Florida Department of Environmental Protection cites a 60 to 70 percent
reduction in mercury concentrations in fish following a 100-fold decrease in industrial mercury
emissions over two decades (Florida DEP, 2003). Similar studies have found a direct correlation
between local emission reductions and ecosystem improvements in Sweden and Minnesota.

Furthermore, Ontario’s CFG facilities contribute to the deposition of mercury in down-wind
jurisdictions (e.g., the Maritimes and the Northeastern United States). Mercury levels are of
particular concern in these areas. These damages should be considered when making policy
decisions in Ontario.

B.6 Human Health Effects

Methylmercury is a well-documented and potent neurotoxin. It has been seen to cause death and
serious harm to humans when ingested. It causes neurological damage, developmental damage,
damage to major organs, increased blood pressure, cardio-vascular disease, visual impairment,
and is linked to reproductive and immune deficiencies. Methylmercury is one of the most toxic
substances that humans are likely to be exposed to on a regular basis.

The history of human health effects associated with mercury exposure may be described as
occurring in three major phases. The first phase involved direct exposure to very high
concentrations of mercury (mainly inorganic mercury vapour). The toxicity of mercury vapour
was known in Roman times when mercury was mined and made famous be Lewis Carroll’s Mad
Hatter. Mercury poisoning commonly afflicted beaver felt hat makers of the 19" Century as a
result of prolonged exposure to the mercury used in the manufacturing process.

—
~3)
J 4

T

4/19/2005 76 R



Figure B.3 Mercury Sources, Transportation and Exposure Effects

Coal-fired Power Plant Locations

Prevailing Wind Vectors
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(Source: Lourie, 2001)

The second phase involved indirect acute exposure to high concentrations of mercury in food, in
particular fish. The catastrophic poisonings in Minamata, Japan and Iraq provided modern
examples of the toxicity of mercury. Minamata also provided the first evidence of the powerful

biomagnifying properties of methylmercury.

In Ontario, the Grassy Narrows-Wabigoon First

Nation experienced severe mercury health damages from the consumption of contaminated fish

downstream from an industrial chlor-alkali facility.

The third phase in which we are currently engaged involves sublethal but potentially widespread

health impairment associated with chronic, low-level exposure.
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human development stages to this type of exposure are the pre-natal and early childhood stages
(Grandjean et al, 1997; UNEP, 2002).

The United States Environmental Protection Agency (US EPA, 2003c¢) reported:

o EPA has determined that children born to women with blood concentrations of mercury
above 5.8 parts per billion are at some increased risk of adverse health effects. About 8
percent of women of child-bearing age had at least 5.8 parts per billion of mercury in their
blood in 1999-2000.

e Current research indicates that there is no safe level of methylmercury in the blood within the
range of exposures measured in the human studies of the health effects of mercury, which
were as low as 1 part per billion. About 50 percent of the women of child-bearing age in the
United States have at least 1 part per billion of mercury in their blood.

The U.S. Center for Disease Control estimates that 375,000 children are born each year in the
United States with increased adverse health risks due to low-level mercury exposure (CDC,
2001).

B.7 Estimating Mercury-related Damages

Similar to the situation with ozone and PM several decades ago, the health risks of increased
mercury exposure are generally understood but a strong epidemiological foundation is missing
which would be suitable to derive quantitative damage forecasts. No quantitative estimates of
the mortality or morbidity risks associated with environmental exposure to mercury have been
produced for Ontario or elsewhere.

Nonetheless, using the scientific knowledge that is available leads to some clear conclusions,
albeit qualitative ones. Mercury is not an essential element for the human body and no
beneficial effects are known. Few if any substances share this distinction. Second, any level of
mercury in the body of a developing fetus is considered to increase risk (Grandjean et al, 1997).
There is no lower threshold below which the risks of impairment are eliminated. These facts
lead to the conclusion that any reduction in mercury emissions produces a benefit for Ontarians,
at least to fetus and young children. In fact, mercury is one of the few substances where no
mercury is better than any mercury.

Fish consumption advisories are one of the most direct approximations of ecosystem damage.
Fish consumption advisories have a direct and significant impact on recreational fishing benefits.
Ontario mercury consumption guidelines for fish are based on federal guidelines supplemented
by guideline recommendations by the World Health Organizations. Consumption restrictions
for sports fish containing mercury begin at levels greater than 0.5 parts per million (ppm) with
total restriction advised for levels greater than 1.5 ppm (MOE, 1997).

Mercury contamination accounts for 99 per cent of fish advisories in Ontario’s inland lakes. In
Ontario, 39 per cent of sports fish (normally predatory species, such as pike, bass and walleye
which are the primary species sought by anglers) in inland water bodies have consumption
restrictions.

Jakus et al (2002) examined the benefits and cost of fish consumption advisories for mercury.
Although the monetized benefits that they estimated are not directly transferable to Ontario,
generically, the health damages on which their estimates were based certainly are. These health
damages include:
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reduced 1Q levels

increased cardiovascular disease
reduced motor skills

increased adult dementia

As mentioned, several major barriers exist for developing quantitative estimates of mercury
emission damages. One is that mercury released to the environment continues to cycle through
the system for an extended period. As a result, emitted mercury may be responsible for a series
of damages as it moves through an ecosystem. From a methodological perspective, perhaps the
only means to deal with the environmental cycling nature of mercury is to develop a combined
estimate of all of the impacts of mercury in an ecosystem and then ascribe the impacts to specific
emission sources based on their relative contribution to the total mercury load to the ecosystem.
Given the lack of a no-effect threshold for mercury exposure, this approach would provide a
reasonable approximation of the attributable damages. Unfortunately, no suitable estimates of
the total damages (both human and environmental) of mercury have been developed.

A study sponsored by the Office of the Attorney General in the State of Minnesota estimated a
damage cost estimate per unit of mercury released. Minnesota shares many similar
characteristics with Ontario. A primary cause for concern about mercury in Minnesota stems
from the large number of lakes, the relative importance of tourism (e.g. angling) to the State
economy, and the extent of fish consumption advisories due to high levels of mercury in fish.
This study resulted in estimated mercury damage rates ranging from US$1,429 to US$4,359 per
pound of mercury. In 2004$ Canadian, this damage range is approximately $3,000 to $10,000
per kg of mercury released. With 527 kg emitted from CFG facilities, the annual damage from
mercury emissions is estimated at between $1,581,000 and $5,270,000.

Hagen et al., (1999) analysed the economic benefits of reducing mercury deposition in
Minnesota as well. A contingent valuation methodology was used to determine willingness to
pay for a reduction in local mercury deposition by 12%. The figure of 12% was based on a 50%
reduction in emissions in the upper Midwest States. The derived willingness to pay was
between US$119 and $US198 per household for a 12% reduction.

Actual mercury damage payments have been made in Ontario. With the English-Wabigoon
River system, the Federal and Provincial governments, together with two companies, have paid
nearly $17 million in damages. While this case involved quite high levels of mercury, the
affected area represents a fraction of the total area and population of Ontario. Furthermore, the
$17 million is not a final payment. Additional payments are expected in the future (INAC,
2004).

In conclusion, no comprehensive damage estimate for mercury emissions has been undertaken.
Nonetheless, the scientific evidence of adverse impacts of mercury on the environment and
human health is compelling. Of particular concern is the risk posed by mercury exposure during
the early stages of human development. These impacts have long-lasting implications for
society and the economy.
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