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Chapter 9: Essay

Mercury Emissions
Of all the metals in the periodic table, mercury, Hg 
(atomic number 80), is the only one to exist as a 
liquid at ambient temperatures. Mercury is also vol-
atile, which means that uncontained mercury atoms 
evaporate into the atmosphere. Today, the atmo-
sphere carries a load of about 5000 tons of mercury. 
Of this amount, about 2900 tons are from current 
human activities, such as the burning of coal, and 
the remaining 2100 tons appear to be from natural 
sources, such as out- gassing from the Earth’s crust 
and oceans. Since the mid-19th century, however, 
humans have emitted an estimated 200,000 tons 
of mercury into the atmosphere, most of which 
has since subsided onto the land and into sea. It 
is probable, therefore, that a large portion of the 
mercury emitted from “natural” sources is actually 
the re-emission of mercury originally put there by 
humans over the last 150 years.

              

Mercury is a poison to the nervous system. Its 
most dangerous form is that of the methyl mercury 
ion, CH3Hg+, which forms from elemental mercury 

within aquatic habitats. This form of mercury tends 
to bioaccumulate, so that organisms higher up in the 
marine food chain, such as pike, tuna, and sword-
fish, tend to have the highest levels. People who eat 
these fish regularly may be exposing themselves to 
high levels of mercury.

Typical consequences of mercury poison-
ing include a loss of mental focus and personality 
changes. In babies and children, the damaging 
effects are more severe, because the mercury dis-
rupts brain development. Pregnant or nursing 
mothers are advised to avoid mercury-tainted fish, 
because methyl mercury passes through the pla-
centa and into breast milk.

Because of a growing awareness of the 
dangers of mercury and because of imposed govern-
mental regulations, over the past several decades, 
there has been a gradual phasing out of the use of 
mercury. This includes use in various commercial 
products, such as thermometers, and manufactur-
ing processes, most notably in the manufacture of 
another element, chlorine. As shown in Figure B, 
the most significant source of human produced 
atmospheric mercury is the small-scale production 
of gold, which, worldwide, has remained largely 
unregulated.

The History of Mercury Regulations in the 
United States
The 1970 Clean Air Act exempted then existing 
coal-burning power plants. It wasn’t until the Clean 
Air Act Amendments of 1990 that Congress gave 
the EPA the power to create regulations that would 
force coal-burning power plants to be fitted with 
mercury- reducing mechanisms. The EPA was to pro-
vide these regulations by 1994, but for a number of 

Figure A
(a) Mercury is a dense liquid metal at room tempera-
ture. This, plus other unique properties, makes this 
material useful for many industrial purposes. The 
element, however, is also potent toxin. (b) It can be 
produced from mercury containing minerals, such as 
cinnabar, which is a naturally occurring form of mer-
cury sulfide, HgS.
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political reasons, this never happened. A committee 
of state regulators and pollution control experts was 
therefore convened to propose regulations. Their 
recommendations were put forth at the end of 2000 
in a report that declared that U.S. mercury emissions 
could be reduced by up to 90 percent by 2007 using 

currently available technology. Coal-burning utilities 
disagreed, as did the newly elected Bush adminis-
tration, which disbanded the committee.

Going back to the drawing board, the EPA 
took another two years to develop alternative reg-
ulations that called for a 34-ton cap (a 30 percent 
reduction) on the annual mercury output of coal 
utilities by 2007. This cap was set because it was 
achievable via regulations designed to curb other 
pollutants—no mercury-specific technologies 
would be needed. The cap would then be gradu-
ally lowered to 15 tons (a 70 percent reduction) by 
2018. State regulators and environmental groups, 

Figure B
Global sources of mercury. Source: unep.org/globalmercurypartnership/

Figure C
Gold and mercury are very different elements, yet they 
are very much related, which stems from the fact that 
they sit right next to each other in the periodic table. 
Most notable, gold dissolves into liquid mercury to form 
a mixture, known as an amalgam. This property makes 
it easy to isolate gold from gold ore. Worldwide, about 
15 million small scale gold miners using this poisonous 
technique are responsible for the release of about 1,400 
tons of mercury each year.

Figure D
The three towers of a 2280 megawatt coal-fired power 
station.
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as well as the EPA’s oversight agency, the Office of 
the Inspector General, cited these regulations as 
too lenient and a violation of the 1990 Clean Air 
Act Amendment.
To override the Clean Air Act and to legitimize 
the EPA’s proposed regulations, the Bush admin-
istration and like-minded members of Congress 
introduced the Clear Skies Act of 2003, which 
adopted the EPA’s proposed mercury regulations. 
By March 2005, however, Congress remained dead-
locked on approving this act. In response, the Bush 
administration took the essential provisions of the 
Clear Skies Act and ordered the EPA to implement 
them through regulations regardless of conflicts 
with the Clean Air Act. This resulted in the EPA-
mandated Clean Air Rules, one of which was the 
Clean Air Mercury Rules (CAMR). Litigation cul-
minated in the U.S. Supreme Court’s decision in 
February 2009 upholding a lawsuit claiming these 
rules to be fundamentally flawed. The EPA was once 
again ordered back to the drawing board to come 
up with regulations more in line with the original 
Clean Air Act Amendment of 1990.
 This led to the Mercury and Air Toxics 
Standards, which the EPA released in December 

2011 (www. epa.gov/mats), which continues to 
operate today. These regulations target primarily 
coal-fired power plants. Interestingly, by the time 
these regulations were released, about half of these 
power plants had already implemented the nec-
essary air pollution control measures. But under 
these standards, less efficient older power plants 
are pressured to shut down and all the power plants 
are required to come into compliance. The EPA esti-
mates that these regulations prevent about 11,000 
premature deaths, 4,700 heart attacks, and 130,000 
asthma attacks each year.

Mercury Emissions: A Global Issue
Meanwhile, a 2009 study by the U.S. Geological 
Survey showed that total mercury levels in North 
Pacific Ocean water had risen about 30 percent 
over the previous 20 years. The study forecasted 
another 50 percent increase by 2050. According to 
the study, this increase in mercury is attributable to 
increases in global mercury atmospheric emission 
rates, particularly from Asia.

Besides the United States, other major 
contributors to mercury pollution include China, 
India, and Russia, but all nations contribute to some 

Figure E
Geospatially distributed (total) mercury emissions to air from anthropogenic sources in 2015 (g/km2/a) from all 
sectors. Source: epa.gov/international-cooperation/mercury-emissions-global-context
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extent. Atmospheric mercury remains airborne for 
about a year, which allows it to reach all regions of 
the planet. There are definitely “hot spots” that occur 
within 100 kilometers downwind of a coal-burning 
power plant, but on average, much of the mer-
cury North Americans are exposed to originated 
in Asia. Similarly, much of the mercury Europeans 
are exposed to originated in North America. Asians 
get it from Europe. All of us are exposed to mer-
cury arising from our past. Atmospheric mercury is 
a global problem, as is human inertia when it comes 
to finding solutions.

THINK AND DISCUSS

1. A key argument for the Clear Skies Act of 2003 
was that it was practical and took into consideration 
economic factors. A key argument against this act 
was that it was less than ideal. Ultimately, because 
it was less than ideal, the act was defeated, which 
furthered the delay of needed mercury emission 
regulations. Would you have voted for or against 
this act? Why?

2. Is it reasonable and practical to regulate the sale 
of mercury? Consider that small-scale gold miners 
around the world use mercury to help them extract 
gold.

3. The cost of equipping coal-burning utilities with 
mercury-specific anti-pollution technologies gets 
passed along to the consumer. The exemption for 
coal-burning utilities given by the 1970 Clean Air Act 
has therefore saved consumers billions of dollars on 
their utility bills. How might this be offset by medical 
bills? Discuss the value of long-term thinking over 
short-term thinking.

4. Even if the United States eliminated all of its mer-
cury emissions, humans would still be exposed to 
about the same amount of mercury because atmo-
spheric mercury is such a global problem. So, maybe 
it doesn’t really matter that the U.S. has been so 
tardy in developing mercury regulations. What is 
really needed is a global effort. What do you think?

C O N C E P T   C H E C K
There are about 4.8 billion mercury atoms in 
each breath of air that enters your lungs. What 
is the source of most of these mercury atoms?

CHECK  YOUR  ANSWER  Almost all of 
these mercury atoms were put into the 
environment by recent or past human 
activities. Note that this number of mercury 
atoms is actually quite small compared to 
the number of other atoms in the air. The 
greatest threat arises when mercury in 
aquatic environments is transformed into the 
methyl mercury ions that bioaccumulate in 
the food chain.



© Conceptual Chemistry by John Suchocki

1. Responses will vary. As a politician, however, you 
would need to be able to defend how you voted to 
your constituents. Vote for the act and your constitu-
ents might see you as against the environment. You 
would then need to stress that you were actually for 
the environment because, although less than ideal, 
this act was practical and would significantly lower 
mercury levels. But then your constituents might then 
wonder why you settled for less than ideal. They might 
then start wishing for a candidate who better stuck 
to his ideals. Then again, your constituents might be 
widely employed by the coal industry. How would you 
defend your voting against the act? 

2. If regulations lead to higher prices, it could be that 
these gold miners would simply obtain mercury from 
a black market. The root of the issue here is similar to 
the “Tragedy of the Commons” dilemma, which you 
should learn more about via the internet. Any effective 
means of minimizing the use of mercury should include 
a strong educational component so that people under-
stand why its use should be minimized.  It would also 
help if the miners had alternate ways of making of 
living.

3. It would depend on one’s point of view. Billions of 
dollars spread out over millions of people over several 
decades amounts to not a whole lot from the point of 
view of the individual. But every bit helps. Think of the 
extra pizzas that were bought on account of lower 
utility bills. Turning to the environment, however, we 
find it necessary to think long term. The economy goes 
up and down, while mercury levels in the atmosphere 
do nothing but rise. Here in the early 21st century we 
are paying the environmental price for those few extra 
pizzas back in the mid-1970s. What sort of consider-
ations should we have for people of the early 22nd 
century?

4. Why should the individual vote? What difference 
could a single vote make in an election? Consider that 
if everyone had this attitude, then no one would vote. 
Perhaps that’s the logic that helps to bring dictators 
to power—a non-vote is usually a vote against one’s 
interests. Is it futile for any one country to make an 
effort to curb its air pollution? If that’s the common 
attitude, then the world is in big trouble. The global 
effort needs to start somewhere. Individuals speak-
ing up to our elected officials is a good place to start. 
The mercury problem is not “somewhere else”. It’s right 
there in the air you breathe and the food you eat.

Author Responses to Think and Discuss


