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Preface

Mercury (Hg) is considered as a global pollutant and is one of the most toxic
heavy metals commonly found in the global environment including lithosphere,
hydrosphere, atmosphere and biosphere, which has a long residence time in the
atmosphere from 0.5 to 2 years. Coal combustion, waste incineration, metal mining,
refining and manufacturing and chlorine-alkali production are currently major
anthropogenic source categories in the industrialized world.

Coal-fired power plants have been considered to be the primary anthropogenic
source of mercury into the atmosphere. After inhalation of Hg by human beings,
elemental Hg vapor rapidly diffuses through the alveolar membrane and is absorbed
through the lungs, and has a bad effect on the nervous system, particularly with
regard to early-life neurodevelopment. Therefore, the research on mercury in
America and Europe has been widely conducted. Anthropogenic emissions of
mercury still increase in Asia because of increased burning of coal and increased
industrialization.

During coal combustion at a coal-fired power plant, the mercury (Hg) in coal is
volatilized and converted to elemental mercury (Hg®) vapor in the high temperature
regions of coal-fired boilers. As the flue gas is cooled, a series of complex reactions
begin to convert Hg? to oxidized mercury (Hg?* ) compounds and/or Hg compounds
(Hgp) that are in a solid-phase at flue gas cleaning temperatures or Hg that is
adsorbed onto the surface of other particles. Coal Fired Derived Flue Gas Mercury
Measurement mainly includes Ontario Hydro Method (OHM), Semi-Continuous
Emission Monitor (Hg-SCEM) and Appendix K. The comparison between different
mercury emission measurement methods have been investigated in detail in this
book.

The authors have investigated the effect of halogen on mercury speciation; Cl,,
HCI, and HBr gases were injected in the slipstream reactor by the control of a
mass flow controller (MFC). HI and HF were injected using HI and HF solutions.
Moreover, the constituents of flue gas including SOx, NOy, O3, H;0 and fly ash
have been certified to play an important role in mercury reactions in flue gases from
coal combustion in air.

iii



iv Preface

A cost-effective mercury emission control technology is required to reduce the
global emission of mercury. Oxidized mercury can be removed in the wet flue gas
desulfurization (WFGD) facilities of coal combustion processes, and particle-bound
mercury can be captured along with fly ash in electrostatic precipitators (ESP) or
baghouses. Due to Hg® being difficult to control for its insolubility in water, the
mercury control technologies are to convert or transfer Hg? into oxidized mercury
or particle-bounded mercury, which are easier to be controlled by existing APCDs at
coal-fired power stations. By comparison, the direct oxidation method of injecting a
type of oxidant, such as modified activated carbon, fly ash and some novel sorbents,
into flue gas to oxidize Hg? appeared to be a simpler method.

In this book, the authors set up a lab-scale multiphase flow reactor and a pilot-
scale slipstream reactor and conducted such evaluation on the two scales. After that,
some kinds of sorbents were injected at a full-scale power station. The experimental
results show that the lab- and pilot-scale reactor systems can provide accurate
information of sorbent evaluation under flue gas atmosphere. SO, in the flue gas
was shown to inhibit mercury oxidization and capture. The sorbents have higher
mercury capturing efficiency with higher injection rate and longer residence time
when other conditions were held constant. In the pilot-scale, four injection ports
vertical to the flue gas flow direction could help improve mixture of sorbent and
flue gas so that the mercury removal efficiency became higher. The pilot-scale data
can be used to predict the full-scale results. Some of the chemical and physical
mechanisms responsible for the mercury removal of the sorbents were identified.

We also have designed a pilot-scale coal-combustion furnace and constructed
to study the mercury speciation and transformations in the flue gas under dif-
ferent conditions. Its purpose was to study the effect of chlorine compounds on
mercury speciation and transformation. The addition of chloride additive makes
the percentage of both gaseous bivalent and gaseous elemental mercury in the
total mercury decline at some degree, and percentage of particle mercury increase
correspondingly. However, with the increase in additives, the increasing trend of
particle mercury became flat gradually and the decreasing of elemental mercury
becomes gentle gradually.

Another effective method is the oxidation of elemental mercury with oxidants
such as HCI or Cl; or ozone over a catalyst followed by the removal of oxidized
mercury (Hg?*) with scrubber solution in the WFGD facilities. The extent of Hg’
oxidation is affected by the presence of coexisting gases such as NH;, NO, SO,
and concentration of the oxidant (HCI). Most mercury control technologies have
been developed and tested on conventional pulverized coal (pc)-fired power plants.
In the next decade, mercury emissions control will be improved on the basis of
the existing technologies, which include fuel/raw material pretreatment, existing air
pollution control devices (APCDs), mercury adsorption, and mercury oxidation.

Shanghai, China Jiang Wu
Kentucky, KY, USA Yan Cao
Shanghai, China Weiguo Pan

Kentucky, KY, USA Weiping Pan
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Chapter 1

Mercury and Its Effects on Environment
and Human’s Health

Abstract Mercury (Hg) is one of the most toxic heavy metals commonly found
in the global environment including the lithosphere, hydrosphere, atmosphere, and
biosphere. Hg is released to the atmosphere from natural and anthropogenic sources.
Coal combustion, waste incineration, metal mining, refining and manufacturing, and
chlorine-alkali production are currently major anthropogenic source categories in
the industrialized world.

It was estimated that approximately 33 % of these anthropogenic sources are
coal-fired combustion sources. Mercury (Hg) is considered as a global pollutant
because Hg is the predominant form of atmospheric Hg, which has a long residence
time in the atmosphere from 0.5 to 2 years. After inhalation of Hg by human beings,
elemental Hg vapor rapidly diffuses through the alveolar membrane and is absorbed
through the lungs. While there is a considerable body of experimental evidence
on the reproductive effects of organic mercury at relatively low exposures, the
available human evidence is restricted to a few limited studies reporting fluctuations
in fertility and sex ratio in relatively highly exposed groups such as residents of
Minamata City in Japan. Thus, as noted by, it is considered that the nervous system
should still be the critical endpoint of concern, particularly with regard to early life
neurodevelopment.

Keywords Mercury ¢ Emission sources ¢ Mercury speciation and transporta-
tion * Environment ¢+ Health

1.1 Mercury Emission Sources

Mercury (Hg) is one of the most toxic heavy metals commonly found in the global
environment including the lithosphere, hydrosphere, atmosphere, and biosphere. A
series of complex chemical transformations allows the three-oxidation states of Hg
to cycle in the environment [1]. Most of the Hg encountered in all environmental
media (water/soil/sediments/biota) is in the form of inorganic mercuric salts and
organo-mercurics, with the sole exception of atmosphere. The mercuric salts HgCl,,
Hg(OH),, and HgS are the prevalent forms existing in the environment, and
CH3HgCl and CH3HgOH are main forms of organic compounds, together with
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2 1 Mercury and Its Effects on Environment and Human’s Health

other organo-mercurics (i.e., dimethylmercury and phenylmercury) existing in small
fractions. Natural, anthropogenic, and reemitted sources are the three major sources
of Hg emissions [2].

The linear correlations among mercury concentration in soil and mercury
concentration in different tissues of corn plant are studied. It is showed that mercury
concentration in root tissue of corn plant is most significantly correlated with
mercury concentration in soil with a correlation coefficient of 0.716 (p <0.01),
demonstrating that mercury in root tissue may be mainly derived from soil. Mercury
concentration in leaf tissue correlated significantly with that in root tissue and soil,
which does not necessary imply that mercury in leaf is derived from soil and root
pathway.

Total mercury concentrations in corn grain tissue were the lowest in all tissues of
the corn plant, but the average concentration reached 0.011 mg/kg, which is close
to the Chinese guidance limit for foodstuff other than fish that is 0.02 mg/kg. It is
observed that mercury concentration in grain tissue of one sample collected at TQ14
reached 0.026 mg/kg, exceeding the national guidance limit for foodstuff other than
fish.

Hg is released to the atmosphere from natural and anthropogenic sources [3].
Coal combustion, waste incineration, metal mining, refining and manufacturing, and
chlorine-alkali production are currently major anthropogenic source categories in
the industrialized world. Human activities emit both elemental Hg (Hg®) with a
long life in the atmosphere and reactive gaseous mercury (RGM) and particulate
Hg, which are short lived in the air and deposited near the emission source [4].

Mercury is also released into the atmosphere by a number of natural processes,
including volcanoes and geothermal activities [5], evasion from surficial soils,
water bodies, vegetation surfaces, wild fires, as well as the reemission of deposited
mercury [6]. Mercury released from natural sources is believed to be mainly Hg’.

In 1997, the EPA issued a Mercury Study Report to Congress, which estimated
that anthropogenic sources in the USA emitted 158 tons of mercury into the
atmosphere in 1994-1995. The report estimates that approximately 33 % of these
anthropogenic sources are coal-fired combustion sources [7]. Because of the danger
to human health posed by mercury, Congress and the EPA are determined to
regulate mercury emissions. The EPA has set a target date of 2004 for new mercury
regulations. At the same time that the EPA seeks to lower total mercury emissions,
there is a resurgence in the construction of new coal boilers. Therefore, the need to
control and measure mercury emissions in a cost-effective manner has become an
issue of importance to both the coal industry and regulators.

Mercury emissions are regarded as one of the most problematic environmental
issues in the world because of their propensity toward bioaccumulation within
an aquatic food chain [8]. After bioaccumulation, mercury may result in neuron
damage to humans.

Hg emissions from coal-fired power plants contribute about 30 % to the
anthropogenic sources of mercury. Coal contains naturally occurring mercury that
varies with both the coal rank and its origin. Mercury (Hg) is a ubiquitous,
persistent, and toxic environmental pollutant. Once released to the environment,
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elemental mercury can be converted in aqueous media into the highly toxic methyl
mercury, which is accumulated efficiently in the aquatic food chain. It becomes
concentrated in top vertebrates, for example, in predatory fish, birds, and
mammals, where it poses a risk for wild life and humans. Mercury enters the
terrestrial and aquatic biosphere mostly by wet and dry deposition of atmospheric
mercury species, which are operationally defined as gaseous elemental mercury
(GEM), gaseous ionic mercury called reactive gaseous mercury (RGM) , and
mercury associated with aerosols, designated particulate mercury (Hgp). The three
atmospheric mercury species have grossly different physical and chemical
properties: the lifetime is short (days to weeks) for RGM and pHg; the lifetime
of GEM is much longer (e.g., 1 year), but spatially variable [9]. Distant from
point sources, GEM accounts for >95 % of the total atmospheric mercury, with
concentrations less than 1 part per trillion by volume [ppt(v)].

1.2 Mercury Speciation and Its Transportation

When elemental mercury enters soil, it may undergo several transformations
depending on soil characteristics. Some elemental mercury will likely volatilize
and enter the gaseous phase. Gaseous mercury may be lost from the system, but
some will likely be adsorbed onto the surface of soil particles. The behavior of the
mercury that remains in soil will initially be governed by physical and chemical
processes, redistributing the mercury within the soil and allowing some of the
mercury to enter solution. Once in solution, adsorption—desorption reactions will
initially dominate [10]. Subsequently, the mercury can undergo volatilization or
biological or chemical transformations [11]. The final equilibrium forms of
mercury will depend upon the organic matter quantity and quality, soil texture and
mineralogy, and the chemistry of the soil solution [12].

Mercury (Hg) is considered as a global pollutant, because Hg? is the predominant
form of atmospheric Hg, which has a long residence time in the atmosphere from 0.5
to 2 years. It can be transported and deposited to remote places even 1,000 km away
from the sources [6]. Furthermore, Hg can be converted to methylmercury (MeHg)
and accumulated in the food chain, posing a potential threat to humans’ health. The
concern of Hg pollution arises from the health effects caused by MeHg through the
consumption of fish and marine products.

Atmospheric Hg originates from three main sources: anthropogenic sources (e.g.,
fossil fuel combustion and waste incineration), natural sources (e.g., volcanoes
and ocean vents), and reemission of anthropogenic and natural mercury previously
deposited onto terrestrial and water surfaces [13]. Long-range transport of GEM,
its conversion to RGM and Hgp,, and deposition of these species along a trajectory
have caused widespread contamination of aquatic and terrestrial ecosystems, even
to those located far from industrial or natural sources.



