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Abstract 
 
Current trend for increasing mercury awareness throughout the public sector has caused the government to 
take action. Recently, the Environmental Protection Agency (EPA) has focused their efforts on controlling 
mercury levels produced in various coal fired power plants. Based on information from several case studies, 
the EPA developed the Mercury and Air Toxics Standards to cut back mercury emissions. The most popular 
technology utilized by coal plants to meet the new standards is a scrubber which cleans the off gas from the 
combustion process. ORP sensors can further monitor the effluent from these scrubbers to ensure optimal 
mercury emission levels are achieved. By closely monitoring the mercury concentrations in the effluent, plant 
managers will be able to easily confirm their plants are meeting the EPA’s standards.  
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Introduction 
 
Coal fired power plants produce 50% of the 5500 tons of mercury released into the environment each year. 
Mercury exists in three forms throughout the world: metallic element, inorganic salts, and organic compounds 
(methyl mercury, ethyl mercury, and phenyl mercury). Since elemental mercury has a low boiling point it can 
travel long distances and deposit into the soil and water. The elemental mercury is then transformed by 
microorganisms into methyl mercury. Methyl mercury then biomagnifies as it moves up the aquatic food 
chain. Human exposure is primarily connected to the consumption of contaminated fish.   
 
In order to better understand the effects of consuming fish that have consumed methyl mercury, three 
epidemiological studies were completed. The studies examined children exposed to methyl mercury in utero 
at concentrations similar to the current U.S. exposure levels. The first study observed that children born to 
women with maternal hair mercury concentrations greater than 6µg/g exhibited a 3 point decrease in their IQ 
score. The other two studies’ verified these results. The studies also found that delayed brainstem auditory 
responses occurred at levels of 3.2µg/L of mercury in cord blood. Recent data illustrates that cord blood 
mercury concentrations have increased 70% since the 2003 studies. In the Faroes case study from 2004, the 
researchers found fetal blood mercury levels were 30% higher than their mother’s blood concentrations. Even 
though there is no evidence validating a threshold blood mercury concentration that has no adverse effect on 
the brain’s cognition, the EPA set a benchmark dose level (BMDL) of 58µg/L. This level corresponds to the 
lower limit of the 95% confidence interval. It is important to mention that the studies observed developmental 
effects at levels of 1 ppm mercury in hair, or 5.8µg/L of mercury in cord blood. The National Health and 
Nutrition Examination Survey recently discovered that 15.7% of American women have total blood mercury 
concentrations greater than 5.8µg/L. Based on this data, between 316,588 and 637,233 babies are born with 
cord blood mercury levels greater than 5.8µg/L. This number continues to increase every year.   
 
The Faroes study examined the effects on a person’s IQ when mercury concentrations are doubled. The lowest 
concentration tested was 4.84µg/L, and then doubled from there. The test results showed that doubling of 
concentrations produced a range of IQ points that averaged a 2.4 point decrease. The test then calculated the 
costs associated with the cognitive effects of mercury exposure. It determined that every IQ point lost among 
men resulted in a 1.931% decrease in lifetime earnings. In women there was a decrease of 3.225% total 
lifetime earnings for every IQ point lost. With the increases in blood mercury level, future generations will 
continue to be affected.   
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On December 16, 2011, the Environmental Protection Agency (EPA) put into law a national Clean Air Act 
emission requirement for coal and oil burning power plants referred to as the Mercury and Air Toxic Standards 
(MATS). It will affect Electrical Generating Units (EGUs) larger than 25 megawatts and EGUs that produce 
electricity for sale and distribution to the national grid. This regulation will reduce air pollution from coal and 
oil burning EGUs by implementing the numerical emission limits of the following compounds:  

 

• Mercury(Hg)  

• Particulate matter(PM)  

• Hydrochloric acid(HCl)  

• Hydrofluoric acid (HF) for oil burning EGUs only 

 

Past numerical limits for dioxin and furan in new and existing coal and oil burning EGUs are being replaced by 
work practices requiring annual performance tests and tune-ups. Oil burning EGUs can show compliance for 
HCl and HF by limiting the moisture content of the oil used. To ensure compliant performance, the EPA 
requires semi-annual reports and initial notifications of compliance for each unit no later than 120 days after 
the facility has become subject to MATS. The regulation also requires detailed records to be kept for: each 
instance that an EGU did not meet an emission limit or work practice standard, daily hours of operation for 
each EGU, results of all performance tests, and notifications of planned performance testing. If continuous 
emissions monitoring systems (CEMS) are being used to measure compliance quarterly, monitoring summaries 
should be submitted. The following options for Coal-burning EGUs mercury emission limit compliance 
monitoring is broken down in Figure 1. Implementation deadlines are dependent on which state the plant is 
located in. Table 1 provides the limits for the coal-burning power plant emissions. 

 
Figure 1.  Flow chart of compliance monitoring options. 
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Table 1. Mercury emission limits for coal-burning power plants. 

Lignite and 
sub-bituminous 

coal 

Both existing and 
new 

.040 
lb/GWh 

Bituminous and 
anthracite 

 
 

Existing 
.013 

lb/GWh 

New 
.003 

lb/GWh 

Technologies 
 
There are three forms of Mercury present in coal-burning power plant systems: particulate mercury, oxidized 
mercury (Hg2+), and elemental mercury (Hg). Only particulate and oxidized mercury are captured by existing 
Air Pollution Control Devices (APCDs). One method for mercury control is Activated Carbon Injection (ACI) and 
particulate control. Another is wet Flue Gas Desulfurization (FGD) scrubbers and Selective Catalytic Reduction 
(SCR).  An electrostatic precipitator (ESP) also helps to capture particulate matter. Both ACI and FGD methods 
use Oxidation Reduction Potential (ORP) sensors to monitor the oxidation of the mercury.  
 
After the combustion reaction in the boiler, the byproducts released move through an electrostatic 
precipitator (ESP) where some particulates are filtered out. The byproduct of combustion is called flue gas.  
Flue gas contains water vapor, carbon dioxide, nitrogen, particulates, oxygen, carbon monoxide, nitrogen 
oxide, hydrocarbons, sulfur oxide (SOs), and mercury. After the flue gas passes through an ESP, the gas goes 
into a wet FGD scrubber. A scrubber is composed of technologies used to remove “scrub” (SO2 and 
particulates) from the stack emissions of power plants. An important part of the scrubbing process is known as 
stripping. Stripping is the dissolution of gas from the fumes into a liquid composed of water and a calcium 
additive (most likely limestone).  Random packing can be used inside the scrubber to force the gas to form 
smaller bubbles that float up while liquid flows down. This provides for optimum contact of liquid with the 
gaseous bubbles. The liquid traps the contaminants in the gas and allows the clean gas to escape. The higher 
the gas floats the cleaner the gas is and the less liquid it contacts. Figure 2 below illustrates the scrubbing 
process. 
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Figure 2. Illustration of sulfur dioxide scrubber. 
 

The stripped contaminated gas is collected, concentrated, and reduced at the bottom of the scrubber with the 
liquid from the sprayers. After limestone reacts with the SO2 gas, a liquid form of calcium sulfite or calcium 
sulfate is produced. The liquid sludge will settle out and the water will be reused. The wet solid sludge is an 
off- white color with a five to ten percent solid content. Since some of the solid is in the form of fly ash, some 
systems will use fly ash removal systems. After determining the ratio of calcium sulfite to sulfate the best 
treatment process can be determined. The amounts of calcium sulfite to sulfate vary depending on the 
process and the sorbent material. Sludge with high concentrations of sulfite has to be treated because it is 
thixotropic. Thixotropic compounds appear to be solid, but when vibrated or agitated will liquefy. Because of 
this, calcium sulfite does not filter very well. Forced oxidation, dewatering, and/or fixation/ stabilization are all 
treatments that could be used. After being treated, most scrubber sludge is stored in landfills and holding 
ponds. Some products come out of the treatment process like gypsum; which is used in wallboard 
production1. The entire sludge treatment process is illustrated in Figure 3. 
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Figure 3. Diagram of the FGD scrubber waste. 
 

Soluble oxidized mercury will precipitate in the FGD scrubber allowing it to be separated easily.  The scrubber 
also helps with the emission control of acidic gases produced in the combustion process. In addition, a fabric 
filter can help capture particulate matter of toxic metals including mercury. However, even with all of the 
APCDs, mercury emissions still may not be reduced to required levels. Therefore, ORP and temperature 
sensors are needed to monitor and regulate the efficiency of the oxidation process. 

 
Oxidation Reduction Potential (ORP) is a measure of the strength of the oxidizing agent or the reducing agent 
of a solution. The reducing agent donates electrons while the oxidizing agent acquires electrons. This transfer 
of electrons is called an oxidation-reduction (redox) reaction. ORP measures the ratio of electron activity for 
the oxidizing and reducing species in a solution. This ratio indicates the solutions ability to oxidize or reduce 
another substance. It does not determine the concentration of the predominant oxidizing or reducing agent. 
The speed of the ORP sensor’s response varies depending on the concentration of the redox system; high 
concentrations are faster to respond than lower concentrations. Maintaining stable ORP values will prevent 
mercury re-emission. A positive ORP reading of the slurry reduces re-emission of mercury because elemental 
mercury will be more easily oxidized into Hg2+.  
 
There are other factors in the coal burning process that can affect the oxidation process. One of these is coal 
with a higher chlorine count which produces less elemental mercury. Another is unburned carbon which can 
absorb vapor phase mercury to form particulate bound mercury. Oxidation of Mercury happens between the 
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temperatures of 850 degrees Fahrenheit to 300 degrees Fahrenheit. Finally, the temperature gradient across 
an air heater can affect oxidation. Table 2 shows the state of mercury at various ORP measurement levels.  
 

Table 2. Forms of Mercury at various ORP levels. 
ORP Level Mercury 
<0 (mV) Vapor 

0-300 mV Aqueous ion, with the solids 
300-500 mV Aqueous ion, with the solids 

>500 mV Aqueous ion, with the solids 
 

Yokogawa Solutions   
Depending on installation requirements there are a couple of different options that can be considered.  

Transmitter/Analyzer 

 FLXA21 2-wire 24VDC pH/ORP Transmitter 

PH450G 4-wire 110 VAC pH/ORP Analyzer 

Sensor 

(1) PR10 Retractable with combination electrode 
 

Yokogawa’s Hot-Tap retractable allows for removal from the process without interruptions or shut-
downs. Without any special tools that PR10 can be retracted safely from the process up to 5 bar. The 
retractable is equipped with a integrated protection cage and a built in scrapper to avoid 
contamination of the fitting.  
 
Sensor Selection Options 

(A) Traditional Reference system: The Hamilton EasyFerm Plus VP, part number 238999-3067, is 
an all-in one design that will measure pH, ORP and temperature at the same time.  

(B) Differential Cation Reference System: The SC24V offers benefits over the traditional 
reference system since there is no junction to be clogged or coated, no electrolyte to be 
depleted, and no Ag/AgCl reference element to become poisoned. The SC24V will measure 
pH, ORP and temperature at the same time. 
 
For more information on differential cation reference system, please refer TechNote 
TNA1304 or Application Note PH-A-011. 
 
 
 
 
 

(2) FU20 or FU24 pH/ORP Combination electrode 
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Yokogawa’s family of all-in-one wide body combination sensors hold four separate measuring elements 
in one unbreakable and chemical resistant body. The FU20 and FU24 will measure pH, ORP and 
temperature at the same time. The construction of the Ag/AgCl reference system with double 
junctions and polymerized saturated KCL fill solution along with the Ag+ ion trap extend the life of the 
probe. This option allows for easy installation with either a ¾” NPT or 1” NPT threaded process 
connection.  

Summary 
 
EPA is now regulating mercury, as well as other pollutants produced from flue gas, to reduce pollution and 
prevent health issues. Coal and Oil-burning EGUs larger than 25 megawatts will have to monitor emissions and 
take the necessary actions to reduce the levels of mercury and air toxics. Mercury emission limits were set for 
new, existing, and different ranks of coal which can be found in Table 1.   There are two methods of 
compliance: continuous monitoring and periodic testing. Scrubbers are currently used to treat the flue gas 
produced from coal combustion. Scrubbers can efficiently reduce emissions by maintaining optimum ORP 
ranges to prevent mercury re-emission. Yokogawa provides several types of ORP sensors that could be used[ 
monitoring ORP in power plants to reach compliance with MATS.    
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Call to Action 
 
For more information on the technologies discussed in this paper and how coal power plants can implement 
the devices into the process contact Yokogawa Corporation of America at the following links: 
 
Yokogawa Corporation of America 
 
2 Dart Road, Newnan, GA 30263-0928 
Phone: 770-254-0400 Fax: 770-254-0928 
 
12530 W. Airport Blvd., Sugar Land, TX 77478 
Phone: 282-340-3800 Fax: 281-340-3838 
 
http://www.yokogawa.com/us 
 
Yokogawa Canada, Inc. 
 
Bay 4, 11133 40th Street SE, Calgary, AB T2C 2Z4 
Phone: 403-258-2681 Fax: 403-258-0182 
 
http://www.yokogawa.com/ca 
 
Yokogawa de Mexico, SA de CV 
 
Av. Urbina No. 18 
Fracc. Parque Industrial Naucalpan 
Naucalpan de Juarez 
Estado de Mexico, C.P. 53489 
Phone: (55) 5955-7400 Fax: (55) 5955-7417 
 
http://www.yokogawa.com/mx 
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